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f~\ N E reafdn for the prefeilt publica- 
tion has been the favourable recep¬ 
tion of thofeof my Objervations on 
kinds of airj which were publifhed in the 
Philofophical Tranlaftions for the year 
1772, and the demand for them by per- 
fons who did not chufe, for'the fake of 
thofe papers only, to purchafe the whole 
volume in which they were contained. 
Another motive was the additions to my 
obfervations on this fubjecl, in confe- 
quence of which my papers grew too large 
for fuch a publication as the Philofophical 
PranfaBions. 

Contrary, therefore, to my intehtiori,- 
Cxpreffed Philofophical Tranfadlions, vol. 
64.. p. 90, but with the approbation of* 
the Prefident, and of my friends inthe fo- 
a 3 ciety,' 
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ciety, I have determined to fend them no 
more papers for the prefent on this fubjedtj 
but to make a feparate and immediate 
publication of all'that I have done with 
relpeft to it. 

Belides, confidering the attention which, 
I am informed, is now given to this fub- 
jipft by philofophers in all parts of Eu¬ 
rope, and the rapid progrefs that has al¬ 
ready been made, and may be expedled to 
be made in this branch of knowledge, all 
unnecellary delays in the publication of 
experiments relating to it are peculiarly 
unjuftifiable. 

When, for the fake of a little more re¬ 
putation, men can keep brooding over a 
new fadt, in the difcovery of which they 
might, polTibly, have very little real merit, 
till they think they can aftonilh the world 
with a fyftem as complete as it is new, 
and give mankind a prodigious idea of 
their judgment and penetration j tliey are 
juftly punilhed for their ingratitude to the 
'fount^m of all knowledge, and for their 
want of a genuine love of fcience and of 

man- 
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mankind, in finding their bdafled difco- 
veries anticipated, and the field of honcfl 
fame pre-occiipied, by men, who, from a 
natural ardour of mind, engage in phiio- 
fophical purfuits, and with an ingenuous 
fimplicity immediately communicate to 
others whatever occurs to them in their 
inquiries. 

As to myfelf, I find it abfolutely impof- 
fible to produce a work on this fubjeft 
that fhall be any thing like complete. My 
firfl publication I acknowledged to be very 
imperfefl, and the prefent, I am as ready 
to acknowledge, is flill more fo. But, pa¬ 
radoxical as it may feem, this will ever be 
the cafe in the progrefs of natural fcience, 
fo long as the works of God are, like him- 
felf, infinite and inexhauftible. In com¬ 
pleting one difeovery we never fail to get 
an imperfefl knowledge .of others, of 
which we could have no idea before; fb 
that we cannot foive one doubt without 
creating feveral new ones. 

Travelling on this ground refembies 
Pope’s defeription of travelling among 
a 4 the 
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the Alps, with this difference, that hefe 
there is not only Vi fucccffion, but an mcreafe 
of new objedls and new difficulties. 


So pleasM at firft the tow’ritig Alps we try, 

Mount o’er the vales, and feem to tread the fley. 

Xh’ eternal fnows appear already pafl. 

And the hrft clouds and mountains feem thelaft. 

But thofe attain’d, we tremble to furvey 
The growing labours of the lengthen’d way. 

Th’ incrcafing profpcdl tires our wand’ring eyes. 
Mills peep o’er hills, and Alps on Alps arife. 

Essay on Criticism* 

Newton, as lie had very little know- 
Icdg-c of air, fo he had few doubts con¬ 
cerning it. Had Dr. Hales, after his va¬ 
rious and valuable inveftigations, given 
a lifl of all his dejiderata, I am confident 
that he would not have thought of one in 
ten that had occurred to me at the time 
of my laft publication •, and my doubts, 
queries, and hints for new experiments 
are very confiderably increafed, after a 
ferics of inveftigations, which have thrown 
great light upon many things of which I 
was not able to give any explanation before. 


I would 
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I would obferve farther, that a perfon 
who means to fcrve the caufe of fcience 
effedlually, rauft hazard his own reputa¬ 
tion fo far as to rifk even mijlakes i-n things 
of lefs rrioment. Among a multiplicity 
of new objedls, and new relations, forne 
will neceffarily pafs without fufficient at¬ 
tention j but if a man be iiot mldraken in 
the principal objefts of his purfuits, he 
has no occafion to diftrefs himfelf about 
leffer things. 

In the progrefs of his inquiries he will 
generally be able to redtify his own mif- 
takes 3 or if little and envious fouls fhould 
take a malignant pleafure in detedfing 
them for liim, and endeavouring to expofe 
him, he is not worthy of the name of a 
philofopher, if he has notftrength of mind 
fufficient to enable him not to be difturbi- 
ed at it. He who does not fooliffily affedl 
to be above the failings of humanity, will 

not be mortified when it is proved that he 
is but a man. 

In this work, as well as in all my other 
philofophical writings, I have madp it a 

rule 
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rale not to conceal the real meni's with 
which I have made experiments j becaiife 
though, by following a contrary maxim, 

I might have acquired a charafter of great¬ 
er fagacity, I think that two very good 
ends are anfwered by the method that I 
have adopted. For it both tends to make a 
narrative of a courfe of experiments more 
interefting, and likewife encourages othei 
adventurers in experimental philofophy; 
Ihewing them that, by purfuing even falfe 
lights, real and important truths may be 
difcovered, and that in feeking one thing ® 
w? often find another. 

In fome refpefts, indeed, this method 
makes the narrative longer, but it is by 
making it Icfs tedious j and in other re- 
fpeds I have written much more concifely 
than is ufual with thofe who publifii ac¬ 
counts of their experiments. In this trea- 
tife the reader will often find the relult of 
long procefles exprefied in a few lines, and 
of many fuch in a fingle paragraph j 
. each of which, if I had, with the ufual 
parade, defcribed it at large (explaining 
firft the preparation, then reciting the ex¬ 
periment 
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periment itfelf, with the refulf of- it, and 
laftly making fuitable reflexions) would 
have made as many fedlions or chapters, 
and have fwelled my book to a pompous 
and refpedlable fize. But I have the plea- 
fure to think that thofe philofophers who 
have but little time to Ipare for reading, 
which is always the cafe with thofe who 
do much themfelves, will thank me for 
not keeping them too long from their 
own purluits; and that they will find ra¬ 
ther more in the volume, than the appear¬ 
ance of it promifes. 

I do not think it at all degrading to 
the bufmefs of experimental philofophyi 
to compare it, as I often do, to the diver- 
fion of hunting, where it fometimes hap¬ 
pens that thofe who have beat the ground 
the mold, and are confequently the bed: 
acquainted with it, weary themfelves 
without ftarting any game j vvhen it may 
fall in the way of a mere paffenger ; fo 
that there is but little room for boafting 
in the moil fuccefsful termination of the 
chace. 


The 
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The heft founded praife is that 
which is-due to the man, who from 
a fupreme veneration for the God of 
nature, takes pleafure in contemplating 
bis and from a love of his 

fellow-creatures, as the olfspimg 
the fame all-wife and benevolent paren -, 
•witha gratcfai fenfe and. perted enjoy¬ 
ment of the means of happmefs of which 
•he is alreadv pofleffed, leeks, with earne 
nefs, hut without murmuring or impa¬ 
tience, that greater covmand of the powers 
of nature, whicli can only.be obtained 
by a more extenfive and more accurate 
knowledge of them; and which alone 
can enable us to avail ourfelves of the^ 
numerous advantages with which we are 
furrounded, and contribute to make our 
common fituation more fecure and 

happy.- 

Belides, the man who believes that there 
is a as well as a maker o tie 

world (and there is certainly equal reafon 
to believe both) will acknowledge his 

providence and favour at leaft as.much 

^ . m- 
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in a fuccefsful purfuit of Jmowledge^ as of 
•wealth-, which is a fentiment that entirely 
cut^ off all boalling with refpe£t to our- 
felves, and all envy and jealoufy with re- 
Ipedt to others and dilpofes ns mutu¬ 
ally to rejoice in every new light that we 
receive, through whofe hands foever it be 
conveyed to us. 

I fliall pafs for an enthufiaft with fome, 
but I am pei'fecliy ealy under the imputa- 
• tion, becauie I am happy m thole views 
which fubjedt me to it 3 but confidering 
the amazing improvements in natural 
knowledge which have been made with¬ 
in the lalb century, and the many ages, 
abounding with men who had no other 
ob]c6l but Eudy, in which, however, no¬ 
thing of this kind was done, there ap¬ 
peals to me to be a very particular pro¬ 
vidence in the concurrence of thofe cir-' 
cumftances which have produced fo great 
a change 3 and I cannot help flattering 
myfelr that this will be inftrumental in 
bringing about other changes in the flate 

of 
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of the world, of much more confequence 
to the improvement andhappinefs of it. 

This rapid progrefs of knowledge, 
which, like the progrefs of a wave of 
the fea, of jound, or of light from the 
fun, extends itfelf not this w ay or that 
way only, but in all direStiom, will, 1 
doirht not, be the means, under^ God, 
of extirpating all error and prejudice, 
and of putting an end to all undue and 
ufurped authority in the bufinefs of re¬ 
ligion^ as well as of fcience ; and all the . 
efforts of the interefted friends of cor¬ 
rupt effabiiftiments of all kinds vvill be 
ineffeaual for their fupport in this en¬ 
lightened age: though, by retarding theii 
downfal, they may make the final ruin 
of them more complete and glorious. It 
was ill policy in Leo the Xth to patro¬ 
nize polite literature. He was cherifli- 
ing an enemy in difgiiife. And the Engr 
lifii hierarchy (if there be any thing un¬ 
found in its conftitution) has equal 
reafon to tremble even at an air-pump, 
or an eledlrical machine. 
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Theie cei’tainly never v/as any period, 
in which natural knowledge made fuch 
3 . progiefs as it has done of late years, 
and elpecially in this country; and they 
who afFedl to Ipeak with fupercilious con¬ 
tempt of the publications of the pre- 
fent age in general, or of the Royal So¬ 
ciety in paiticular, are only thole who 

are themfeives engaged in the moll tri¬ 
lling of all literary purfuits, who are 
unacquainted with all real fcience, and 
. are ignorant of the progrefs and pre- 
fent Rate of it.* 


. and the great 

I'll attention to 

there ftbjeas than, I believe, they were 

ever known to do, fince the time of 
Lord Bacon, and much Icfs than men 
o rank and fortune in other countries 
give to them. But with us this lofs is 

eV*i" 

would recommend to the reader ^ 

and eienant account of !h ; laming a juft 

have Seen fucrf/T i difeoveries that 

this treSe “ 
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made up by men of ieifure, fpirit, and 
ingenuity, in the middle ranks of life, 
which is a circumftance that promifes 
better for the continuance of this pro- 
grefs in ufefui knowledge than any no¬ 
ble or royal patronage. With us, politics 
chiefly engage the attention of thofe who 
ftand foremoft in the community, which, 
indeed, arifes from the freedom and pecu¬ 
liar e^ccellence of our conftitution, with¬ 
out which even the fpirit of men 
of letters in general, and of philofo- 
phers in particular, who never directly 
interfere in matters of government, would 
languifh. 

It is rather-to be regretted, however, 
that, in fuch a number of nobility and 
gentry, fo very few fhould have any tafte 
for fcientifical purfuits, becaufe, for many 
valuable purpofes of feience, wealth gives 
a decifive advantage. If extenfive and 
be at aU an objedt, literaiy, 
and efpecially fcientifical purfuits, are 
preferable to political ones in a variety 
of refiredls. The former are as much 
more favourable for the difplay of the 
2 human 
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human faculties than the latter, as the 
fyjiem of nature is fuperior to any political 
JyJtem upon earth. 

If extenfiye ufefulnefs be th 6 obje^b, 
laence has the fame advantage over poli¬ 
tics. The greateft fuccefs in the latter 
feldom extends farther than one par¬ 
ticular country, and one particular ao-e ■ 
whereas a luccefsful purfuit of fcience 
makes a man the benefaftor of all man¬ 
kind, and of every age. How trifling 
IS the fame of any flratefman that this 
country has ever produced to that of 
Lord Bacon, of Newton, or of Boyle; 
and how much greater are our obliga¬ 
tions to fuch men as the^, than to any 
other m tjie whole Biographia Britamiica ; 
and every country, in which fcience has 
flounflied, can furnifli inftances for fimi- 
lar obfervations. 

Here my reader will thank me, and 
the writer will, I hope, forgive me, if I 
quote a paflage from the poilrlcript of a 
letter which I happen to have jufl: re¬ 
ceived from that excellent, and in my 

k , / 
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opinion, not too enthuiiaftical phiiofo- 
pher, father Beccaria of Turin. 

Mi fpiace che il mondo politico cb' e pur 
tanto pajfeggeroy rubbi il grande Franklin 
al mondo della natura, che non ja ne cam- 
biare, ne mancare. In Englifti. I* am 
“ fprry that the political worldy whkh is 
“ fo veiy tranfitory, fhould take the 
“ great Franklin from the world of- na- 
" ture^ which can never change, or fail.” 

I own it is with peculiar pleafure that ' 
I quote this paffage, refpeaing this truly 
great man, at a time when fome of the 
infatuated politicians of this country are 
vainly thinking td build their wretched 
and deftruftive projefts, on the ruins of 
his eftablifhed reputation j a reputation 
as extenfivc as the fpread of fcienee it- 
fclf, and of which it is faying very lit¬ 
tle indeed, to pronounce that it will laft 
and flourifh when the names of all his 
enemies lhall be forgotten. 


I think 
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I think it proper, upon this occafion, 
to inform my friends, and the public, 
that I have, for the prefent, fulpended 
my defign of writing the hifiory a7id pre¬ 
fent fate of (ill the branches of experi- 
??7ental philofophy. This has arifen not 
from any diflike of the undertaking, but, 
in truth, becaufe I fee no profpefi: of be¬ 
ing reafonably indemnified for fo much 
• labour and expence, notwithfiranding the 
li)ecimens I have already given of that 
work (in the hfory of eleBricity, a4d of 
the dlfcoveries relating to vifion^ bights 
and colours') have met with a much 
more favourable reception from the 
bell: judges both at home and abroad, 
than I expeded. Immortality, if I 
fiiould have any view to it, is not 
the proper price of fuch works as 
thefe. 

I propofe, however, having given fo 
much attention to the fubjeil of air^ to 
write, at my leifure, the hiftory and’ 

2 prefent 
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prefent Rate of difcoveries relating to it j 
in which cafe I fhall, as a part of it, re¬ 
print this work, with fuch improvements 
as fhall have occurred to me at that time ^ 
and I' give this notice of it, that no per- 
fon who intends to purchale it may have 
reafon (being thus apprifed of my inten¬ 
tion) to complain of buying the . fame 
thing twice. If any perfon ehufe it, he 
may fave his five or fix fhillings for the 
prefent, and wait five or fix years longer 
(if I fhould live fb long) for the op¬ 
portunity of buying the fame thing, pro¬ 
bably much enlarged, and at the fame 
time a complete account of all that has 
been done by others relating to this fub- 
jea. • ' , 

Though for the plain, and I hope fa- 
tisfadory reafon above mentioned, I fhall 
probably write no other hijiories of this 
kind, I fhall, as opportunity ferves, en¬ 
deavour to provide materials for fuch hi- 
ftorip, by continuing my experiments, 
keeping my eyes open to fuch new appear¬ 
ances as may prefent thcmfelves, invefti- 
gating them as far as I fhall he able', and 

never 
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never failing tn communicate to the pub¬ 
lic, by fome channel or other, the refult 
of my obfervations. 

In the publication of this work I have 
thought that it would be agreeable to my 
readers to preferve, in fome meafure, the 
order of hiftory, and therefore I have not 
thrown together all that I have obferved 
with reipecl to each kind of air, but have 
divided the work into two parts the for- 
. _mer containing what was publilhed before, 
m the Philofophical Tranfaftions, with 
uch obfervations and corredlions as fub- 
fequent experience has fuggefted to me; 
and 1 have referved for the latter part of 
the work an account of the experiments 
which I have made fmce that publication, 
and after a pretty long interruption in 
my philofophical purfuits, in the courfe of 
the laft fummer. Befides I am fenfible 
that in the latter part of this work a dif- 
lerent arrangement of the fubjedls will be 
more convenient, for their mutual il- 
luftration. 


Some 
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Some pcrfons objeft to the term air^ as 
applied to acid^ alkaline^ and even nitrons 
air j but it is certainly very convenient 
to have a common term by which to de¬ 
note things which have fo many common 
properties, and thofe fo very ftriking; all 
of them agreeing with the air in which 
we breathe, and with fixed air^ in elafiicity, 
and tranfiparencj:, and - in being alike af¬ 
fected by heat or cold; fo that to the eye 
they appear to have no difference at all. 
With much more reafon, as it appears to 
me, might a perfon objeCl to the common 
term metal, as applied to things fo very 
different from one another as gold, quick-» 
fiiver, and lead. 

Befides, acid and alkaline air do not 
differ froiji common air (in any refpcCl that 
can countenance an objection to their 
having a common appellation) except in 
fuch properties as are com-mon to it with 
fixed air, though in a different degree j viz. 
that of'being imbibed by watei. But, in¬ 
deed, all kinds of air, common aar itfelf 
not excepted, are capable of being im¬ 
bibed by water in fome degree. 


Some 
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Some may think the terms acid and al¬ 
kaline njapour moi'e proper than acid and 
alkaline air. But the term ‘vapour having 
always been applied to elaftic matters ca¬ 
pable of being conden/ed in the tempera¬ 
ture of the atmofphere, elpecially the va¬ 
pour of watery it feems harfh to apply it 
to any elaftic fubftancc, which at the fame 
time that it is as. tramparent as the air 
we breathe, is no more affedled by cold 
than it is. 

As my former papers were immediately 
tranflated into feveral foreign languages, 

I may pi efiime that this treatilc, having a 
better title to it, will be tranflated alfo j 
and, upon this prefumption, 1 cannot 
help exprefling a wifli, that it maybe done 
by perfons who have a competent know¬ 
ledge of the/z<:^V<l?, as well as of the Eng- 
lifi language. The miftakes made by fome 
foreigners, have induced me to give this 
caution. 


Lo7idon, Feh, 
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ADVERTISEMENT. 


^ 1^' H E -dDcights mentioned in the courfe 
of this treatife are T/'cy, and what 
is called an ounce rncafurc oj air, is the 
l])acc occupied by an ounce weight of 
water, which is equal to 480 grains, and 
is, therefore, alniofl: two cubic inches of 
water; for one cubic inch weighs 254 
grains. 
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SECTION L 

yip^enerjl view of trucejxng i>iscov£Rir.s/ v- 

Ltiin'/ to iiir. 

o 

F or the better unclcrflancllng of rite cx- 
periir.ents and obfervation;; on dililTcnt 
kinds of air contained in this trc.uill-, it will be 
uleful to thofe who arc not acejuainted with the 
hiftoiy of this branch of natural philofojihr, 
to be informed of tiiofe iacts winch htul been 
difeewered by otJicrs, before I turned m-/ 
thoughts to the fubjed ; which fuggefled 
and by the helj) of which I was cnabped lo 
purfue, my inquiries. I.et it be obferved, 
however, that I do nor profefs to recite in this 
place all that had been difeovered concernin''- 
air, but only thofe dheoveries the Lnowledye 
of which is necelfary, in order to underllaud 
what I have done myfelf; fo tlrat any peilbu 
who is only acquaintetl wdth the geneial piin- 
cipies of natural philofoph.y, may be able to 

^ read 
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read this treatife, and, with proper attention^ 
to underftand every part of it. 

That the air which conftitutes the atmo- 
fphere' in which we live has weight, and that 
it is elqftic, or confifts of a compreflible and 
dilatable fluid, were fome of the earlieft dif- 
coveries that were made after the dawning of 
philofophy in this weftern part of the world. 

That elaftic fluids, differing elfentially 
from the air of the atinolphere, but agieeing 
with it in the properties of weight, elafticity, 
and tranfparency, might be generated from 
fbiid fubflances, was difeovered by Mr. Boyle, 
though tw'O icinarkable kinds of fadfitious air, 
at Icaft the efieas of them, had been known 
long before tO' all miners. One of thefe is 
Heavier than common air. It lies at the bottom 
of pits, extinguiiiies candles, and kills animals 
that breathe it, on which account it had ob¬ 
tained the name of the choke damp. The other 
is lighter than common air, taking its place 
riear'^the roofs of fubterraneous places, and be- 
caufe it is liable to take fire, and explode, like 
crunpowder, it had been called the fire damp. 
The word damp flgnifies vapour or exhalaUoti 
in the German and Saxon language. 


Though- 
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'I’hough the former of thefe kinds of air 
liad been kndwn to be noxious, the latter I be¬ 
lieve had not been difcovered to be fo, hav¬ 
ing always been found in its natural ftate, fo 
nauch diluted with common air, as to be 
breathed with fafety. Air of the former kind^ 
bclides having been difcovered in various ca¬ 
verns, particularly the grotta del Cane in Italy, 
had alfo been obferved on the furface of fer-' 
menting liquors, and had been called gas 
(which is the fame with j-rz/?, ox fpirit) by Van 
Helmont, and other Germah chymifts; but 
afterwards it obtained the name of jiked ‘air, 
efiiecially after it had been difcovered by Dr; 
Black of Edinburgh to exift, in a fixed Rate* 
m alicaline falts, chalk, and other calcareous* 
lubitances* 

This excellent philofopher difcovered that it 
is the prefence of the fixed air in thefe fub- 
ftances that renders them mild, and that when 
they are deprived of it, by the force of lire, or 
any other procefs, they are in that Rate which 
had been called caujlic, from their corrodinc- 
or burning animal and vegetable fubflances. 

nixed air had been difcovered by Dr 
iMacbriae of Dublin, after an obfbrvarion of 
Sir John Pringle’s, which led to it, to be in a 
confiderable degree antifeptic and fince it is 
^ extracted 
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extrafted in great plenty from fermenting ve¬ 
getables, he had reccmmen'led the ufe of -mi r 
(that is an inlbifiun of male in water) as what 
would probably give relief in the lea fciuvy, 
which is laid to be a putrid difeafe. 


Dr. Brownrlgg had alfo difcoveied tha.t tlu 
lame fpccies of air is contained in great quanti¬ 
ties in the water of the Pyrmor.t fpring at Spa 
in Germany, and in other mineral waters, whicn 
have what is called an i’dchcloi's^ talle, and^ that, 
their peculiar flavour, briflenels, and medicinal 
virtues, are derived irorn tins ingrcdieia. 

Dr. Plaks, without leeming to imasy.ne that 
there was any material duicicn^'- ./ctvicen 
thefe "kinds of air and common air, obierved 
that certain fubllances and o , orations genet an 
air, and others ahforb it s imagining that the di¬ 
minution ot air was limply a taking away 
from the common mals, wiiiiout any alteiation 
in the properties of what remainea. His ex¬ 
periments, however, are fo numerous, and va¬ 
rious, that they arejufely cileemed to be the 
folid foundation of all cur knowledge or this 
fubjedt. 

Mr. Cavendilh had exadlly afeertained the 
fpecific gravities of fixed and inflammable air, 
ihewing the.former of them to be if heavier 

than 
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til an common air, and the latter ten times 
hghter. He alfolliewed that water would im¬ 
bibe more than its own bulk of fixed air. 

Laftly, Mr. Lane dilcovered that water thus 
impregnated with fixed air will diffolve a con- 
fiderahJe quantity of iron, and thereby become 
a ftrong chalybeate. 

Thefe, I would obferve, are by no means all 
the difcoveries concerning air that have been 
made by the gentlemen whofe names I have 
mentioned, and ftill lefs are they all that have 
been made by others; but they comprife all 
the previous knowledge of this fubjeft that is 
neceffary to the undcrllanding of this treatife 
except a few particulars, wlifch will be men¬ 
tioned in the courfe of the work, and which 
it is, therefore, unnecefiary to recite in this 
place. 


B 


SECT. 


6 The I N T R O D U C T I O N. 


SECTION II. 

An account of the apparatus with which thefoU 
lowing experiments were made. 

R Ather than deferibe at large the manner in 
which every particular experiment that I 
lhall have occafion to recite was made, which 
would both be very tedious, and require an un- 
neceflary multiplicity of drarviags, I think it 
more adviieabie to give, at one view, an ac¬ 
count of all my ajtparatus and inftruments, 
or at ieaft qf every thing that can require a 
defeription, arid of all the difiPerent operations 
and proceffes in which I employ them. 

It will befeen that my apparatus for experi¬ 
ments on air is, in fad, nothing more than the 
apparatus of Dr, Hales, Dr. Brownrigg, and 
Mr. Cavendifh, diverfified, and made a little 
more finiple. Yet notwithflanding the fimpli- 
city of this apparatus, and the eafe with 
which all the operations are conducted, I tvould 
not have any perfon, who is altogether without 
experience, to imagine that he lhall be able to 
felecit any of the following experiments, and 
immediately perform it, without difficulty or 

blunder- 
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■blundering. It is known to all perlbiis who 
are converfant in experimental philofophy, that 
there are many little attentions and precautions 
neceifary to be oblerved in the conducting of 
experiments, which cannot well be dcieribed in 
words, but v\hich it is ncetllcJs to deferibe, 
fince pradlice tsill necefiarily lupgeil them; 
though, like all other aits in which the hanti.s 
and fingers are made uic of, it is only ?;/&/. 
prabnee that can enable a perlon to go throiinii 
complex experinve!;rs, of this or an; other kind, 
witii cafe and readinefs. 

For experiments in which air will bear to be 
confined by water, I firil ufed an oblong trough 
made 01 earthen ware, as ^ fig. i. about eight 
inches deep, at one end of which 1 put thin 
flat ftones, l\ about an inch, or half an inch, 
undei the water, tiling more or fewer of them 
according to thequantity of water in thetrough. 
But I have fince found it more co)ivcnion°to 
ufe a larger wmoden trough, of the fame gene¬ 
ral flrape, eleven inches deep, two feet lon<o 
and I i wide, wdrh a Owlf about an inch lower 
than the top, inflead of the flat flones above- 
mentioned. I his troiij/.h being larger than the 
former, I have no ot cafiun to make provifion 
for the water being higher or lower, the bulk 
of a jar or two not making lb great a difference 
3-s it did before. 
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The feveral kinds of air I ufually keep in 
cyVindrkal jars^ as c, fig. i, about ten inches 
long, and 2 I wide, being fuch as I have ge¬ 
nerally ufed for eledtrical batteries, !;ur I have 
hkev/ife vefieis of very different forms and 
fizes, adapted to paiticular experiments. 

Yfhen I want to remove veffels of air from 
the large trough, I place them in pots or difies, 
of various fizes, to hold more or lefs water, 
according to the time that I have occafion to 
keep the air, as fig, 2. Thefe I plunge in 
water, and Hide the jars into tiiem ; after which 
they may be r;iken out together, and be let 
wl’.erevcr it fliall be moll convenient. For the 
purpofc of merely removing a jar of air from 
one place to another, where it is not to ftand 
longer than a few days, I make Life of common 
iea-ajhcs., which will liold water enoup-h fijrthat 
time, unkfs the air he in a {laic of diminution, 
by means of any procefs that is going on 
in it. 

If 1 want to try whether an animal will live 
in any kind of air, I firft put the air into a 
fmall veffcl, juft large enough to give it room 
to ftretch itfelf ; and as I generally make ufe of 
nice for this purpofe, I have found it very 
convenient to ufe the hollow part of a tall beer- 
glafs, dBg. I, which contains between twm and 

three 
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three ounce meafures of air. In this veffcl a 
moufe will live twenty minuteSj or half an 
hour. 

For the purpofe of thefe experiments it is 
moR convenient to catch the mice in fmall wire 
traps, out of which it is ealy to take them, 
and holding them by the back of the neck, to 
pafs them through the water into the veflel 
which contains the air. Jf I exped that the 
moulcwill live a confiieralde time, I take care 
to put into the veflel fomething on which it 
may conveniently fit, 0!it of the reach of the 
water. If the air be good, the moufe will foon 
be pc-rfedly at its eafe, having fulfered nothing 
by ifs pafling through the water. If the air be 
fup.pofed to be noxious, it will be proper ^if the 
operator be defirous of jireferving the mice for 
larther ufe) to keep hold of their tails, that they 
may be withdrawm as foon as they begin to fliew 
flgns of uneafinefs; but if the air be thoroughly 
noxious, and the moufe happens to get a full in- 
fpiration, it will be impoflible to do this before 
it be abfolutcly irrecoverable. 

In order to heep the mice, J put them into re¬ 
ceivers open at the top and bottom, Handing up- 
mn plates of tin perforated with many holes, and 
covered with other plates of the fame kind, held 
down by fufheient weights, as fig. Thefe 


receivers 
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Kceivers (land upon h frmc of u-ood that the 

t«rr.::iceH.4betta„sfettedriUtta 

ther ftiall be cleaned. 

Mcemuft be kept i„ a pretty cEea tetHFr. 

f™- mher much heat or much cold kills 

A^iprelhiitiy. The puce m tehichlha^g^ 

Hrc never o-oes out j fo that the heat vanes vtiy 
little anil '' “ “ medium, a ou 

™ decrees of Fahrenheit’s thermometer. When 
they had been made to pafs through the wate, 

asTheyneceffaril, muft be « order to a change 
of air, they require, and will bear c y 
fiderable degree of heat, to warm and d.y 

them. 

1 found, to my great furprlzc, in the courfe 
of thefe experiments, that mice will live mtirely 
without water; for though 1 have kept tnem 
Tor three or tour moniIv:i, and havcofl.eiLc i orn 

’.uuer kveral times, they would never tafle it; 

nnd 


II 


The introduction. 

and yet they continued in perfed: health and vi¬ 
gour. Two or three of them will live very 
peaceably together in the fame vefTel; though 
I had one mftance of a moufe tearing another, 
almoft in pieces, and when there was plenty of 
provilions for both of them. 

In the fam.e manner in which a moufe is pur 
into a vehel of any kind of air, a plant, or any 
thing elfe, may be put into it, viz. by paffing 
It through the water; and if the plant be of a 
kind that will grow in wafer only, there will be 
no occafion to let it in a pot of earth, which 
■^viil otherwife be necclTary. 

^ There may appear, at firft fight, feme dif¬ 
ficulty in opening the mouth of a phial, con¬ 
taining any fubftance, ioliu or liquid, to which 
water mull; not be admitted, in a jar of any 
kind of air, which is an operation that I have 
Ibmetimes had recovirfe to ; but this I eafily ef- 
fed by means of a cork cut tapering, and a ftrong 
wire thruft through it, as in fig. 4 , for in this 
form it will fuificientl}'- fit the mouth of any 
phial, and by holding the phial in one hand, 
and the wire in the other, and plunging both 
my hands into the trough of water, I can eafily 
cpnvey the phial through the water into the jar j 
which muft either be held by an affifianr, or be 
laftened by firings, with its mouth projeding 

over 
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over the ftelf. When the phial is thus con¬ 
veyed into the jar, the cork may eafily be re¬ 
moved, and may alfo be put into it again at 
pleafure, and conveyed the fame vt^ay out 
again. 

When any thing, as a gallipot, &c. is to be 

fupportedat a confidcrable height within ajar, 

St is convenient to have fuch wire Jiands as are 
rcprefented fig. 5 . They anfwcr better than 
any other, becaiife they take up but little room, 
and may be eafily bended to any fliape or 
height. 

If 1 have occafion to pour air from a vefTel 
with a wide mouth into another with a very nar¬ 
row one, I am obliged to make ufe of a funnel, 
fig. 6 , but by this means the operation is ex¬ 
ceedingly cafy ; firfi filling the vcficl into which 
the air is to be conveyed with water, and hold¬ 
ing the mouth of it, together with the funnel, 
both under water with one h.and, while the 
other is employed in pouring the air ; which,' 
afcendlng through the funnel up into the veft'el, 
makes the water defeend, and takes its place. 
Thcfe funnels are bed made of glafs, becanfe 
the air being vifibk through them, the quantity 
cf it may be more eafily eftimated by the eye. 

It 
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It will be convenient to have feveral of tliefe 
funnels of diirerentfjzes. 

In order to expel air from folid fubltances by 
means of heat, I fometimes put them into a 
gun-larrel, fig. 7, and filling it up with dry 
fand, that has been well burned, fo that no air 
can come fi om it, I lute to the open end the 
ftem of a tobacco pipe, or a Imall glafs tube. 
1 hen having jmt the clofcd end of the barrel, 
which contains the mateiials, into the fire, the 
generated air, illuing through the tube, may 
be received in a velfel of quickfilver, with 
its mouth immerfed in a bafen of the fame, fuf- 
pended all together in wires, in the manner 
deferibed in the figure: or any other fluid 
lubiiance may be tiled inftead of quickfilver. 

But the mofi: accurate method of procuring 
air from feveral ftibftances, by means of heat, 
is to put them, if they will bear it, into phials 
full of quickfilver, with the mouths immerfed 
in the fame, and then throw the focus of a 
burning mirror upon them. For this purpofe 
the phials fhould Oe made with their bottoms 
round, and very thin, that they may not be 
liable to break wfith a pretty fuddan applica¬ 
tion of hent. 


If. 
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If I want to expel air from any liqukl, I 
nearly fill a phial with it, and having a cork 
nerforated, I put through it, and fecure with 
Lment a olafs tube, bended in the manner re- 
prcfentk i. I tl^^n put the phial into 

i kettk of water, which I fet upon Ac fire .nd 
make to boil. The air expelled by die heat, 
from th= liquor contamod in *c ph,a , .ITuos 
tlrrough tlK tube, and is received m the bafon of 
qoicklilvcr, fig. 7- of this 

Won, I fometimes content myfelf with tying 
a llaccid bladder to the end ot the tube, in boti 
thefe procures, tbuL it may receive the newly 
generated air. 

In expedmeuts on thole kinds of air which 
a,-e rfv imbibed by wa-cr, I alwim mak 

ufe of quickfilver, in the manner rcpielentu 
fie 8, in which « is the baton ot cp.uckfi vci, 
^^aglafs veflbl containing quiekfilycr, with us 

motuh immerfed in ii, Pj-- 

incr the ingredients from which tae an is to be 

produced, and 1/is a fmall recipient, or glafs 

vcffcl defigned fo receive and intcictpl any h 
niior that may be dilcharged along wub the air, 
Ihkh is to be tranfmitled ficc trum any muillurc 
into the vefiTcl b. If there be no apprehcnlion 
ofmoifturc, I niakeufeot the glals tube only, 
without any recipient, in the manner repre tented 

# fie. I. In order to invert the vcficl I lutt 
■ ^ fill 
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■Jill it with qiilckfilver, and then carefully cover 
the mouth of it with apiece of foft leather; after- 
which it may be turned upfide down without 
any danger of admitting the air, and the leather 
may be withdrawn when it is plunged in the 
quickfilver. 

In order to generate air by the folution of 
metals, or any procefs of a fimilar nature, I 
put the materials into a phial, prepared in the 
manner reprefented at e fig. i, and put the 
end of the glafs tube under the mouth of any 
veflel into which I want to convey the air. If 
heat be neceflary I can eafily apply it to a can¬ 
dle, or a red hot poker while it hangs in this 
pofition. 

When I have occafion to transfer air from a 
jar Handing in the trough of water to a veflel 
Handing in quickfilver, or in any other fit nation 
whatever, I make ufe of the contrivance repre¬ 
fented fig. 9, which confiHs of a bladder, fur- 
niflied at one end with a fmall glafs tube bended, 
and at the other with a cork, perforated fo as 
jaH to admit the fmall end of a funnel. When 
the common air is carefully prefTed out of this 
bladder, and the funnel is thruft tightly into the 
cork, Jt may be filled with any kind of air as 
eafily as a glafs jar; and then a flnno- bcino- 
ned above the cork in which the funnel is xZ 

ferted. 
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ferted, and the orifice in the other cork clovd, 
by prcfling the bladder aoainih it, it may be car¬ 
ried to any place, and if the tube be caretully 
wiped, the air may be conveyed quite free from 
moiilure through a body of quickfilver, or any 
thing elfe. A little praftice will make this very 
ufeful mancruvre perfedtiy eafy and accurate. 

In order to impregnate fluids with any kind 
cf air, as water with fixed air, I fill a phial with 
the fluid larger or lefs as I have occafion (as a 
fig. lo;) and then inverting it, place it With 
its mouth dowmwards, in a bowl b, contajiiing 
a quantity of the fame flu id ; and having nlied 
the bladder, fig. 9, with the air, I throw as 
much of it as I think proper into the phial, in 
the manner defcribed above. To accelerate the 
impregnarion, I lay my hand on tire top of the 
phial, and fliake it as much as I think pro- 
per. 

If, without having any air previoufly gene¬ 
rated, 1 would convey k into the fluid imme¬ 
diately as it ai'iirs froui the proper materials, 
I keep the fame blad.icr rn com:-edit n with a 
phial ffig. 10, containing the lame materials 
(as chalk, fait of tariur, or pearl aflies in di¬ 
luted oil of vitriol, for the generarion of fixed 
air) and taking care (iefl:, in the a£l of effer- 
vefcence, any of tli.s materials in the phial r 

ihculd 


The INTRODUCTION. 17 

Ihould get into the veffel a, to place this phial 
on a ftand lower than that on which the bafon 
was placed, I prefs out the newly generated air 
and make it afcend direftly into the fluid. For 
Ais purpofe, and that I may more conveniently 
lhake the phial which is hecelTary in fome 
procefles, efpecially with chalk and oil of yi- 
tnol, I fometimes make ufe of a flexible lea- 
t ern tube and Wdmes only a glafs tube. 

it°will • ^ fufficicnt length, 

nr V agitation of thfe phial;’ 

rh- ^ connea two bladders 

r6ge her by means of a perforated cork, to’ 
Which they may both be faflencd. 

to try wdiether any kind of ait 
1 admit a candle to burn in it, I make ufe 

« a cylindrical glafs veflel, fig. ii. and a hit 

uf u ax candle c' hg. 12, faftened to the end of 
a wire 3 and turned up, in fuch a manner as 
to be let down into the veiTel with the flame 
upwards. The y^flel fliould be kept carefully 
co\cied till the moment that the candle is ad 
raitted In this manner I have frequently ex- 
tuigmflied a candle more than twenty times 
lucceffively, in a veflel of this kind, though it 
IS impoflible to dip the candle into it without 
giving the external air an opportunity of mix- 
wg with the air in the infide more or lefs. 

I. he candle c, at the other end of the wire is ' 

C 

very 
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very convenient for holding under ajar Hand¬ 
ing in water, in order to burn as long as the 
inclofed air can fupply it; for the moment that 
it is estinguilhed, it may be drawn through 
the water before any fmoke can have mixed 
with the air. 

In order to draw air out of a vefle! which 
has its mouth immerfed in water, and thereby 
to raife the water to whatever height may be 
neceffary, it is very convenient to make ufe 
of a glafs fyphon, fig. 13, putting one of the 
legs up into the veflel, and drawing the air out 
at the other end by the mouth. If the air be 
of a noxious qvtality, it may be neceffary to 
have a fyringe faftened to the fyphon, the man¬ 
ner of which needs no explanation. I have 
not thought it fafe to depend upon a valve at 
the top of the veffel, which Dr. Hales fomc- 
times made ufe of. 

If, however, a very fmali hole be made at 
the top of a glafs veffel, it may be filled to 
any height by holding it under water, while 
the air is iffurng out at the hole, which may 
then be clofed with wax or cement. 

If the generated air will neither be abforbed 
by ’water, nor diminifli common air, it may be 
convenient to put part of the materials into a 
cup, fupported by a ftand, and the other part 

into 
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into a fmall glals velTel, placed on the edge of 
it, as at/, fig. i. Then haring, by means of a 
fyphon, drawn the air to a convenient height, 
the fmall glafs veffel maybeeafily pufhed into 
the cup, by a wire introduced through the wa¬ 
ter ; or it may be contrived, in a variety of 
■ways, only to djl^iarge the contents of the 
fmall veffel into the larger. The diftance be¬ 
tween the boundary of air and water, before and 
after the operation, will fhew the quantity of 
the generated air. The effed of proceffes that 
diminijh air may alfo be tried by the fame ap¬ 
paratus. ^ 


J^ hen I waut to admit a particular kind 
Ot air to any dung that will not bear wettino- 
and yet cannot be conveniently put into a phiaT 
and efpecially if it be in the form of a powder’ 
and muft be placed upon a Hand (as in thofe 
experiments in which the focus of a burnin " 
nmror is to be thrown upon it) I firft exhaul 
a receiver, in which it is previoufly pke'd 

arf I^v,„g a glafi tabe, bemted for Ztt 
pofe aa m %. 14, l ^ 

transfer of the atr pump on which the receiver 
had been esthaufted, and introducing it through 

he water into a jar of that kind of air wlh 
which I would ffll the receiver T„ 
e cock and I gam my purpofe.- In this 
method, however, unlefs the pump be very 

^ ® food* 
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and icveral contrivances;, too miiiuk* to 
l>c particularly clcfcribeJ, he made uic oi j 
good deal of common air will get ioi'> ila* r.- 
t eivcin 


W^'hon I want to meafure the gor'f]:ki^ o' 
any kind Oi air, I pur two meaiiues oi It mto 
a iar llandinp- in water *, and when I liavc 
uiarked ujion the j'.Ilifs the cx.iCt [)iaec oi thf 
boundary (jf air anil wauT, 1 put to it oiio 
inaalurc of nitrous air ; anti ailcr waitu'.;'; a 
j'Toper time, note the i;u.iniit\' ol iis d.lmi- 
nution. 11 1 he e!>n-.''ai'ir.p; v\\o hiniK oi air 
ih.i! arc neatly alike, alter inixtnt!, them In a 
larp.ejar, I iransler the mixture into a l-any 
olalii tube, by \\ hich I can lengthen my I'cah 
to what degree I pleale. 

If the quantity of the air, the goodiiel'; (if 
which I want to afeertain, be exceedingly 
fmall, fo as to be contained in a part of a glals 
tube, out of rvhich water will not run l[)on- 
rancoufly, as iz fig. 15-, I firft mcahirc with a 
pair of compafies the length of the column 
of air in the tube, the remaining part being 
filled with water, and lay it down upon a 
fcale ; and then, thriifling a wire of a proper 
thicknefs, l^, into the tube, I contrive, by 
means of a thin plate of iron, bent to a flrar]) 
an.'pe c, to draw it. out again, when the whole 

of 
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of this little apparatus has been introduced 
through the water into a jar of nitrous aii- 
and the wire being drawn our, the air from the 
jar muil: fupply its place. I then meafure 
the length of this column of nitrous air which 
I have got into the tube, and lay it alfo down 
upon the fcalc, fo as to know the cxahb length 
■of both the columns. After this, holding the 
tube under water, with a final! wire I force the 
tu o feparate columns of air into contaftj and 
v. hen they have been a lufiicient time together, 

I meafuie the length of the whole, and com-- 
pare it with the length of both the columns 
taken before. A little experience will teach 
the operator how far to thrull the wire into 
the tube, m order to admit as much air as -he 
wants and no more. 


_ In order to take the clccTtric fpark in a cjuan- 
tity of any kind of air, which mull be verv 
fmall, to produce a fenfible effedl upon it, in 
a Ihort time, by means of a common machine, 
I put a piece of wire into the en<I of a fmall 
tube, and fallen it w'irh hot cement, as in 
Jb; and having got the air 1 w.int into rhJ 
tube by means oi t];c apparatus ficr. j ^ f 
place It inverted m a bafon containing eithcr 
quic^liwer, or any other fluid fubflance by 
which I chuic to h.ive the air conlijicd. 1 then 
by the help of the air pum],, chive out as muedi 
-ii the ;nr as,I think convenient, admiuino- the 
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quickfilver, &c. to it, as at a, and putting a 
brafs ball on the end of the \vire, I take the 
fparks or Ihocks upon it, and thereby tranfmit 
them through the air to the liquor in the tube. 

To take the eledlric fparks in any kind of 
fluid, as oil, &c. I ufe the fame apparatus de- 
feribed above, and having poured into the tube 
as much of the fluid as I conjefture I can make 
the eledric fpark pafs through, I fill the reft 
xvhh quickfilver; and placing it inverted in a 
bafon of qulckfilver, I take the Ijaarks as before. 

If a;r be generated very flift by this procefs, 
I uic a tube that is narrow at the top, and grows 
wider below, as fig. 17, that the quickfilver 
may not recede too foou beyond the ftriking 
diftanep, 

Sometimes I have ufed a different apparatus 
for this purpofe, reprefented fig. 18. Taking a 
pretty wide glafs tube, hermetically fealed at 
the upper-end, and open below, at about an 
inch, or at what diftance I think convenient 
from the top, I get two holes made in it, oppofite 
to each other. Through thefe I put two wires, 
and faftening them with warm cement, I fi.\- 
them at what diftance I pleafe from each other. 
Between thefe wires I take the fparks, and 
the bubbles of air rile, as they are formed, to 
the top the tube. 


■PART 
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Expcyimmts and OhfcrvaUons vuidc in, and k- 
fore the year 


TN wn(uig upon the o<:dUferent kinds o 

A air,{ find myfdf ar a Jols for proper terms 
by which to clininpuifli fhenr, thofe \vhicl 
avc hitherto obtained bcinj^by nonu-ansfufii- 

Ciendycharadcriftic,ordii)ina.''r]K'<.iiIy term; 

in common iilc arc, fixed air, mephitic, and /;/. 
f.anmia^ c. 1 lie Jail, indeed, fuilicienrly cha- 
raaenzes and diftinguifiies that kind of air 
fire, and explodes on the a]*proach 

of flame i bi.r it might have been fa./ 

T'“,' I’pl’"'-''/ a., that 10 tvliidi Dr. 
RDoL r.n,-| oilter., I,avc given tlut denomination, 
lincL It IS oripiniulypaart offomc fuiij fubllance 
and exiIH m an iinelafuc ftate. 


A!! 
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All thefe newly difcovered kinds of air 
naay alfo be called factious and if, with 
others, wc ufe the term fixable, it is ftill obvious 
to remark, that it is applicable to them all; 
fince they are all capable of being imbibed by 
fome fubftance or other, and confequently of 
htva^ fixed in them, after they have been in an 
elaftic ftate. 

The term mephitic is equally applicable 
to what is called air, to that which is in- 
fiammahh, and to many other kinds; fince they 
are equally noxious, W'hen breathed by animals. 
Rather, however, than either introduce new 
terms, or change the fignification of old ones, 
I fiiall ufe the term fixed air, in the fenfe in 
which it is now commonly ufed, and diftinguifir 
the other kinds by their properties, or fome 
other periphrafis. I fihail be under a ncceflity, 
however, of giving names to thofe kinds oi 
air, to which no names has been given by c- 
therS, as nitrons, acid, zxid. alkaline. 


d E C T. 
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SECTION 


Of Fixed Air. 

It was in confequence of living for fome 
^jmein the neighbourhood of a public brewery 
that I was induced to make cxperimentT il 

always a large body, 
ino- r P'tface of the ferment- 

in^'deTh "’f foot 

niav £ ’ "" ftibftance 

in If "°n'^^niently placed ; and thoui^h, 
n thefe circumftances, the fixed air mull be con- 
tmually the common air, and is 

there perfedly pure, yec 

purpote. 

A perfon, who is quite a Arranger to the om 
perties of this kind of air, would be agreeaWy 

amufed with cxtinguifliing lighted candles, or 

chips of wood in It, as it lies upon the furfacc 
ofthe fermenting liquor; for the fmoke rea¬ 
dily unites with this kind of air, probably by 
means of the water which it contains ; fo that 
very little or none of the fmoke will efcapeinto 
the open air^ which is incumbent upon it. It 
IS remarkable, that the upper furface of this 

fmoke 
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fmoke, floating in the fixed air, is fmooth, and 
well defined ; whereas the lower furface is ex¬ 
ceedingly ragged, feveral parts hanging down to 
a confiderablc djftance within the body of the 
fixed air, and fometimes in the form of balls, 
connected to the upper flratum by llender 
threads, as if they were fufpended. The fmolcc 
is alfo apt to form itfelf into broad flakes, pa-* 
rallel to the furface of the liquor, and at diffe¬ 
rent diftances from it, exadtly like clouds. 
Thefe appearances will fometimes continue a- 
bove an hour, with very little variation. When 
this fixed air is very ftrong, the fmoke of a 
frtiall quantity of gunpowder fired in it will be 
wholly retained by it, no part efcaping into the 
common air. 

Making an agitation in this air, the furface 
of it, (which ftill continues to be exadbly de¬ 
fined) is thrown into the form of waves, which 
it is very amufing to look upon; and if, by 
this agitation, any of the fixed air be thrown 
over the fide of the vefiel, the fmoke, which 
is mixed with it, xvill fall to the ground, as if 
It was fo much water, the fixed air being 
heavier than common air. 

The red part of burning wood was extin- 
guiihed in this air, but I could not perceive that 
& red-hot poker was fooner cooled in it. 


Fixed 
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Fixed air docs not inftantly mix with com¬ 
mon air. Indeed if it did, it could not be 
caught upon the furface of the fermenting li¬ 
quor. A candle put under a large receiver, 
and immediately plunged very deep below the 
furface of the fixed air, tvill burn fome time. 
But velTels with the fmallefi: orifices, hanging 
with their mouths downwards in the fixed air, will' 
in time have the common air, which they contain, 
perfcdlly mixed with it. When the fermenting 
liquor is contained in veflels clofe covered up, 
the fixed air, on removing the cover, readily 
affects the common air which is contiguous to itj 
fo that, candles held at a confiderablc diftance 
above the,furface will inftantly go out. I have 
{3een told by the workmen, that this will fome* 
times be the cafe, v^hen the candles are held 
fwo feet above the mouth of the veffel. 

Fixed air unites with the fmoke of rofin, ful- 
phur, and other cleftrical fubftances, as well 
fis with the vapour of water; and yet, by hold¬ 
ing the wire.of a charged phial among thefe 
fumes, I could not make any elcdtrical atmof- 
phcrc, which furprized me a good deal, as 
there was a large body of this fmoke, and it 
was fb confined, that it could not efcape me. 

I alfo held fome oil of vitriol in a glafs vcf- 
fel within the fixed air, and by plunging a 

piece 
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piece of red-hot gkfs into it, raifed a copious 
and thick fume. This floated upon the furface 
of the fixed air like other fumes, and continued 
as long. 

Confidering the near affinity between water 
and fixed air, I concluded that if a quantity of 
water was placed near the yeaft of the fermenting 
liquor, it could not fail to imbibe that air, and 
thereby acquire the principal properties of Pyr- 
mont, and fome other medicinal mineral waters. 
Accordinghq I found, that when the furface of 
the water was confiderable, it always acquired 
the pleafant acidulous tafte that Pyrmont water 
has. The readieft way of impregnating water 
with this virtue, in thefe circumftances, is to 
take two veflels, and to keep pouring the wa¬ 
ter from one into the other, w’hen they are both 
of them held as near the yeaft as poffible,; for 
by this means a great quantity of furface is ex- 
pqfed to the air, and the furface is aifo conti¬ 
nually changing* In this manner, I have fome- 
times, in the fpace of two or three minutes, 
made a glafs of exceedingly pleafant fparkling 
water, which could hardly be diflinguifhed 
from very good Pyrmont, or rather Seltzer 
“WJiter. 

But the mojl cffeSltml way of impregnating 
vvarcr with fixed air is to put the veflels which 

t'<r-tain the water into c^lafs jars, filled with the 

pureft 
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|Hircft fixed air made by the folution of chalk 
in diluted oil of vitriol^ ftanding in quickfilver. 
In this manner I have, in about two days, made 
a quantity of water to imbibe more than an 
equal bulk of fixed air, fo that, according to 
Dr. Browiirigg^s experiments, it muft have been 
much ftronger than the befl: imported Pyrmont; 
for though he made his experiments at the 
Ipiing-head, he never found that it contained 
quite fo much as half its bulk of this air. If a 
fufficient quantity of quickfilver cannot be pro¬ 
cured, oil may be ufed with fufficient advantage, 
loi this purpofe, as it imbibes the fixed air verv 
fiowly. Fixed air may be kept in veflels Hand¬ 
ing in w’ater for a long time, if they be fepa- 
rated by a partition of oil, about half an inch 
thick. p3a*mont water made in thefe circum- 
ftances, is little or nothing inferior to that 
which has Hood in quickfilver. 

The reachejl method of preparing this water 
foi ule is to agitate it ftrongly with a large 
furface expofed to the fixed air. By this means 
more than an equal bulk of air may be com¬ 
municated to a large quantity of water in the 
fpace of a few minutes. But fince agitation 
promotes the diffipation of fixed air from wa¬ 
ter, it cannot be made to imbibe fo great a 
quantity in this method as in the former^ 
wheie .more time is taken. 

329 Erfy 
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Eafy direftions for impregnating water wkti 
fixed air 1 have pubilfhed in a fmall pamphlet, 
dcfigned originally for the ufe of feamen in 
iongvovages, on the prefumption that it might 
be of ufe for preventing or curing the fea 
fcurvy, equally with wort, which was recom¬ 
mended by Dr. Macbride for this purpofe, on 
no other account than its property of genera¬ 
ting fixed air, by its fermentation in the fto- 
mach. 

Water thus impregnated with fixed air rea^ 
dily diffolvcs iron, as Mr. Lane has difeoveredj 
fo that if a quantity of iron filings be put to 
it, it prefcntly becomes a ftrong chalybeate, 
and of the mildeft and moft agreeable kind. 

I have recommended the ufe of chdk and 
oil of vitriol as the cheapeft, and, upon the 
whole, the beft materials for this purpofe. But 
fome perfons prefer pearl ajbest pounded mar-- 
lie, or other calcareous or alkaline fuhfiances, 
and perhaps with reafon. My own experience 
has not been lufficient to enable me to decide 
in this cafe. 

Whereas forite perfons had fufpcdlsd that a 
quantity of the oil of vitriol was rendered vo- 
iatile by this procefs, 1 examined it, by all the 
#:heirtical methods that are in ufe ; but cou 
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not find that water thus impregnated contained 
the lead: perceivable quantity of that acid. 

Mr. Hey, indeed, who aflifted me in this 
examination, found that diftilled water, im¬ 
pregnated with fixed air, did not mix fo readi¬ 
ly with foap as the diftilled water itfelf; but 
this xvas alfo the cafe when the fixed air had 
paired through a long glafs tube filled with al¬ 
kaline fairs, which, it may be fuppofed, would 

have imbibed any of the oil of vitriol that 
might have been contained in that air *. 


Fixed air itfelf may be faid to be of the na- 
ture of an acid, though of a weak and peeu- 
har fort. Mr. Bergman of Upfal, who 

honoured me with a letter upon the 
ubjedl, calls it the aerial acid, and, among; 
other experiments to prove it to be an acid, he 
fays that It changes the blue juice of tournefole 
Hito red. This Mr. Hey found to be true, and 
he moreover difeovered that when water tinged 
blue with the juice of tournefole, and then red 
with fixed air, has been expofed to the open 
air. It recovers its blue colour again. 

The heat of boiling water will expel all the 
fixed air, if a phial containing the impregnated 

UikTATT f«P«««nents mil be found 
m the Appendix to theft papew. 
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water be held in it; but it will often require 
above half an hour to do it completely. 

Dr. Percival, who is particularly attentive 
to every improvement in the medical art, and 
who has thought fo well of this impregnation' 
as to preferibe it in fcveral cafes. Informs me 
tliat it fcenis to be much ftronger, and fparkles' 
more, like the true Pyrmont water, after it 
has been kept fome time. This circumlfance, 
n.owever, fnews that, in time, the fixed air is' 
more eafily difengaged from the water ; and 
though, in this ftate, it may aifed the take 
more fenfibly, it cannot l.ie of fo much ufe 
in the ftomach and bowels, as w'hen the air is 
more firmly retained by the water. 

By the y.rocefs deferibed in my pamphlet, 
fixed an- may be readily incorporated with wine, 
beer, and almofl: any other liquor whatever; 
and v.'hen beer, wine, or cyder. Is become 
flat or dead (which is the coniccjuehce of the 
efcape of the fixed air they contained) they 
may be revived by this means; but the deli¬ 
cate and agreeable flavour, or acidulous tafie, 
communicated by fixed air, and which is very 
manifeft in water, can hardly be perceived in 
w;ne, or any liquors y.dfich have much tafie 
of their own. 


I ihould 
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ftould think that there can be no doubt 

iZ/r "'ZT with fixed ai? 

uft have all the medicinal virtues of r-enuine 

JTmontor Seltzer xvater; fmcc thefe depend 

ipon the fixed air they contain. If the oviufine 

iyrmont water derives any advantage imm its 

eing a natural chalybeate, this may alfo be 

“ “--onialybel 

ofco^ron^Sr" “ 

Having fucceedcd fo well with this artificial 
2-mont water, I imagined that it might be 
pclnble to give the fame virtue, eipeciallv 
toicms known to promote the abforption of 

li-ite m U..VU 1 . I put ieveral pieces of ice into 
fi-^ntity of fixed air, confined by nuickfilvr 
but no pal t of the air was abforbed in two d 
-KUwo nights. bt,t .pon bring 

p.«tth„etbeic.,„tdtod.tbc.lt4sabrrtbi 

I then took a quantity of flrong artifld il 
I^ontwater, and putting it into a°thi„ ."lif 

and ial . Tins mixture inftantly freezino the 
water t at tvas contiguous to the fides of the' 
Kiafs, the air was difehatged plentifully, fo 
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that I catched a confiderable quantit)'-, in 
bladder tied to the mouth of the phial. 


I alfo took two quantities of the fame Pyr- 
mont ^vater, and placed one of them where it 
_m]gnt freeze, keeping the other in a cold place, 
but where it would not freeze. This retained 
Its acidulous tafte, though the phial which 
contained it was not corked ; whereas the other 
being brought into the fame place, where the 
ice melted very flowly, had at the fame time 
He tafte of common water only. That quan¬ 
tity of tvater which had been frozen by the 
mixture ot fnow and fait, was almoft as much 
Ike mow as ice, fuch a quantity of air-bub- 
bles were contained in it, by which it was pro- 
digioufty increafed in bulk. ^ 


Pttffure of the atmofphere affifts very 
onfiderabiy m keeping fixed air confined in 
water ; for in an exhaufted receiver, Pyrmonc 

wac„ , n abfol„„lytoil. by thecoplksdif- 

Chargeof its air. This is alii the reafm why 

d^ubr ,h k‘‘' 

rL r *>y the help of a 

hieUv hll! “““j “‘Sl't b' much raore 

highly impregnated with the virtues of the 

Pyrmont fptiog , „oE l^ Mod' 

to contrive a method of doina it 


The 
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r;nSL“Ter,iin1',;f“P- 

bodvofthcfit?;, , ■' "*Wn the 

gialh veffl ir ,ftt 

This elaf, 1, ; ’ “““'It inverted, 

fit, -th thefaed 

were boclj tahen in,,. ,i ^iten thej 

fi-tcdnirtvasata-orb^d ara^!'™”""^’ *''= 

Wff n “nftnnt''butb]h!’rfro„t'4““"^ 

occaWcibythisfleideXX'if 

that I coaid not, in this Lrtf a 

whether it imbibed the air or not Ic^'T’r? 
however, that they did incorporate frl'’*'' 

very ddagrceablecirciwftance Which „, d * 

tiefiftfrom makiny anv moW 

the kind, b'or alT tl,/I 'ttperimcnts of 

«perime„t was madW coWWaSW f 

J hat" alfoWfevc'dTht*”'"''^ 

=d n long tiWW^^WL'trrhtt™^^^^ 
acquired a very difagreeable tafe sTWo” 
ttnae tt was like tar-water. How this W s 
qnued, i was tery dcfiroiis of tnaj'in^r V 

«peri:.ncnts toafeertain, but I was dWcoWr^' 
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by the fear of injuring the fermenting liquon 
It could not come from the fixed air only. 

Infedls and animals which breathe very little 
are Hilled in fixed air, but are not foon quite 
Itiiled in it. Butterflies and flies of other 
binds will generally become torpid, and feem- 
ingly dead, after being held a few minutes over 
the fermenting liquor ; but they revive again 
after being brought into the frelh air. But 
there are very great varieties with refpeft to 
the time in which different kinds of flies will 
either become torpid in the fixed air, or die 
in it. A large flrong frog was much fwelled, 
and Icemed to be nearly dead, after being held 
about fix minutes over the fermenting liquor; 
but it recovered upon being brought into the 
common air. A fnail treated In the fame man^ 
ner died prefently; 

Fixed air is prefently fatal to vegetable life. 
At lead fprigs of mint growing in water, and 
placed over the fermenting liquor, will often 
become quite dead in one day, or even in a 
left fpace of time ; nor do they recover when 
they are afterwards brought into the common 
air. I am told, however, that fome other 
plants are much more hardy in tliis refpedt. 


A red 



A red rofe, fiefli gathered, loft its rednefs, 
and became of a purple colour, after being 
held over the fermenting liquor about twenty- 
four hours ; but the tips of each leaf were 
much more affedled than the reft of it. Ano¬ 
ther red rofe turned perfedtly white in this 
fituation ; but various otlier floxvers of dilFe- 
rent colours were very little alFedted. Thcfe 
experiments were not repeated, as I with they 
might be done, in pure fixed air, cxtrafle'd 
from chalk by means of oil of vitriol. 

For every purpofe, in wlrich it was neceffary 
that the fixed air fhould be as unmixed as pofi 
fible, I generally made it by pouring oil ofvi- 
tiiol upon chalk and water, catching it in 3, 
bladder faftened to the neck of the phial in 
\vhich they were contained, taking care to prefs 
out all the common air, and alfo the firfi, and 
fometimes the fecond, produce of fixed air r 
and alfo, by agitation, making it as quickly as 
I polTibly could. At other times, I made it 
pafs from the phial in which it w'as crencrated 
through a glafs rube, \vithout the intervention 
of any bladder, which, as I found by exneri- 
ence, will not long make a fufficient feparation 
between fcveral kinds of air and common air. 

I had once thought that the readiefl: method 
of procuring fixed air, and in fufficient purity, 
P 3 would 
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wotild be by the fimple procefs of burning 
chalk, or pounded lime-ftone in a gun-barrel, 
making it pafs through the hem of a tobacco- 
pipe, or a glafs tube carefully luted to the 
orifice of it. In this manner I* found tnat aii 
is produced in great plenty ; but, upon exam¬ 
ining it, I found, to rny very gicat furpiiie, 
that little more than one half of it was fixed 
air, capable of being abforbed by water ; and 
that the reft was inflammable, fomctimcs very 
weakly, but fomctimes pretty highly fo. 

Whence this inflammability proceeds, I am 
not able to determine, the lime or chalk, not 
bcino" fuppofed to contain any otnei than fixed 
air. conjeaure, however, that it muft pro- 
ceed from the iron, and the reparation of it 
fiom the calx may be promoted by that fmali 
e^uantity of oil of vitriol, which 1 am informed 
is contained in chalk, if not in lime-ftone alfo. 

But it is an objecblon to this hypothefis, that 
the inflammable air produced in this manner 
burns blue, and not at all lilce that whicn is pro¬ 
duced from iron, or any other metal, by means 
of an acid. Tt alfo has not the fmell of that kind 
of inflammable air which is produced from mi¬ 
neral fubftances. Eefides, oil of vitriol widi- 
out water, will not diflblve iron ; nor can in¬ 
flammable air be got from it, unlefs the acid be 

con- 
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confiderably diluted ; and when I mixed brlm- 
ftone with the chalk, neither the ({uality nor 
the quantity of the air was clKtn;j;ed by it. In¬ 
deed no air, or permanently elallic vapour, can 
be got from brimilonc, or any oil. 

Perhaps this inflammable princi])le may 
come from fome remains of the animals, frf)m 
which it is thought that all calcareous matter 
proceeds. 

In the method in which I generally made the 
fixed air (and indeed always, unlefs the con¬ 
trary b“ particularly mentionea, -viz. by diluted 
oil of vitriol and chalk) I found by experiment 
that it was aepure as Mr. Cavendilh made it. 
For after it had pafled through a large bodv o!‘ 
water in fmall bubbles, ftill or ye part onlv' 
was not abforbecl by water. In order to trv 
this as expcditinully as pofliblc, I kept pouring 
the air from one glafs veflei into another, ini- 
merfed in a quantity of cold water, in which 
manner I found by experience, that almofl: anv 
quantity may be reduc ed as far as pofliblc in a 
very flrort time. But the moft expeditious me¬ 
thod of making water imbib-,; any kind of air, 
is to coniine it in ajar; and agitate it llrongly, iii 
the manner dell rib,»d in my pamplilct on" the 
impregnation of wafer wiih ux-d air, uiid r> 
prefentedi fig. lo. 
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At the fame time that I was tiding the purity 
of mv fixed air, I had the curiofity to endeavour 
to afcertain whether that part of it which is not 
mifcible in water, be equally difFufed through 
the whole mafs; and, for this purpofe, I dir 
vided a quantity of about a gallon into three 
parts, the firil confifting of that w-hich was up- 
pcrmolt, and the laft of that which was the 
loweft, contiguous to the water ; but all tliefe 
parts were reduced in about an equal propor¬ 
tion, by palling through the water, fo that the 
\vhoIe mafs had been of an uniform compo- 
lition. This I have alfb found to be the cafe 
with feveral kinds of air, which will not pro¬ 
perly incorporate. 

A moufe will live very well, though a can¬ 
dle v/ill not burn in the refiduum of the purell 
fixe_d air that I can make; and I once made a 
very large quantity for the foie purpofe of this 
experiment. This, therefore, feems to be one 
inftance of the generation of genuine common 
air, though vitiated in fome degree. It is alfo 
another proof of the refiduum of fixed air being, 
in part at leaft, common air, that it becomes 
turbid, and is diminilhcd by the mixture of ni¬ 
trous air, as will be explained hereafter. 

That fixed air only wants fome addition to 
make it permanent, and immifcible with water 
t if 
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if not in all relpedls, common aii% 1 Have been 
led to conclude, fiom fevcral attepmts -which I 
once made to mix it with air in which a quan¬ 
tity of iron filings and brimflone, made into a 
pafle witii water, had flood •, for, in fevcral 
mixtures of this kind, I imagined that not 
much more than half of the fixed air could be 
imbibed by water ; but, not being able to re¬ 
peat the experiment, I conclude that I either 
deceived myfelf in it, or that I overlooked 
fome circumftance on which the fuccefs of it 
depended. 

Thefe experiments, however, whether they 
were fallacious or otherv/ile, induced m.e to try 
tvhether any alteration would be made in the 
confdtution of fixed air, by this mixture of 
iron filings and orimftone. I therefore put a 
mixture cf this kind into a quantity of as pure 
fixed air as I could make, and confined the 
whole in c|uickfib/er, left the v/ater fliould ab- 
forb it before the effeds of the mixture could 
take place. The confequence was, that the 
fixed air was diminiilied, and the quickfilver 
rofe in the veflel, till about the fifth part was 
occupied by it j and, as near as I could judge, 
the procefs went on, in all refpeds, as if the 
air in the infidc had been common air. 


What 


or 


Oljcrvations on 

What is moft remarkable, in the refult 
this experiment, is, that the fixed air, into 
which this mixture had been put, and which 

hadbeeninpartdimininied by it, was in parr 
alfo rendered infoluble in water by this means. I 
made this experiment four times, with the 
c-reateft care, and obferved, that in two of 
them about ouc fixrh, and in the other two 
about one fourteenth, of the original quantity, 
was fuch as could not be abforbed by water, 
but continued permanently elaftic. Left I 
ihould have made any miftake with refpea to 
the purity of the fixed ah, the laft time that I 
made the experiment, 1 let part of the fixe, 
air, which I made ufe of, in a feparate vefiel, 
and found it to be exceedingly pure, fo as to 
be almoft wholly abforbed by water whereas 
the otlier part, to which I had put the mix¬ 
ture, was far from being fo. 

In one of thefc cafes, in which fixed air w^as 
made immifdblc.with 
not very noxious to anuna ., ti i 

amoufediedinltprcttyfooti. Th.sdi 

faihe probably atofc front my having — 
tentiy agitated the air in v/atei rather 
one cafe than in the other. 

As the iron is reduced to a calx by d* pro- 
cefs, lonce concluded, that it is phlogrfton *a^ 
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Hxed air wants, to make it common air ; anJ, 
for any thing I yet know, this may ])e tiie cafe, 
though I am ignorant of the rnetlujii of com¬ 
bining them; and when I calcined a ([uantity 
of lead in fixed air, in the manner which will 
be deferibed hereafter, it did not feem to ha\c 
been lefs loluble in -w'atcr than it was before. 


SECTION IL 

0/Air in which a Candle, 0/Brimstone, Im 
burned out. 

It is well known that flame cannot fiibfifl, 
long without change of air, fo that the com¬ 
mon air is neceffary to it, except in the cafe of 
fubftances, into the enmpofirion of which nitre 
enters, for thefe will burn hi vacuo, in fixctl air, 
and esmn under water, as is evident in fome 
rockets, which arc made for this piirporc. I'he 
quantity of air which even a fmall flame re¬ 
quires to keep it burning is prodigious. It is 
generally faid, that an ordinary candle confumes, 
as it is called, about a gallon in a minute. 
ConfiJering this amazing confumption of air, 
by fires of all kinds, volcanos, &c. it Iiccomcs 
a great objetft of philofophical inquiry, to af- 
cei-tain what change is made in rlic conlHtution 
of the air by flame, and to difroter what provl- 



Ohfervations o;: 

fen there is in nature for remedying the injury 
v/hich the atmofpherc receives by this means. 
Some of the following ertperiments will, per¬ 
haps, be thought to throw light up on the fubjeft. 

The diminution of the quantity of air in 
which a candle, or brimftone, has burned out, 
is various ; But I imagine that, at a medium, 
it may be about one fifteenth, or one iixteenth 
of the whole ; which is one third as much as by 
animal or vegetable fubftances putrefying in it, 
bv the caicinarlon e-f metals, or by any of the 
other cauihs of the complete diminution of air, 
v/hich v/lll be mentioned hereafter. ^ 

I have fometimes thought, that flame d'f- 
pofes the common aia to depofit the fixed air 
it contains; for if a'ny limie-v'ater be espolcd 
to it. it immediately becomes turbid. This is 
the calc, when wax candies, tallow candles, 
chips of \vov)d, fpirit of wine, ether, and every 
other fubftance w^hich I have yet tried, except 
brimftone, is burned in a clofe glafs velfel, 
fending in lime-water. This precipitation of 
fixed air (if this be the cafe) may be owing to 
fumething emitted from the burning bodies, 
v/hich has a fironger affinity with the ocher con- 
feituent parts of the atmofphere *. 

The fuppofuion, mentioned in this and otlier pafTages 
•or^h.’ firil part cf this publication^ viz. that the diminution 

of 



if bnmuonebe burned in the fame circuni- 
ibiices, the iime water continues tranfoarent^ 
but ftiil there may have been the fame preci¬ 
pitation of the fixed part of the air ; bet that^ 
uniting with tiie linic and the vitriolic acid, it 
toinis a lelenctic lair, which is ioluble in water. 
Having evaporated a quantity of water thus 
ims'-regnated, by burning 

brimflone a great 
number oi times over it, a whiufli powder re¬ 
mained, which had an acid tafw; bat repeating 
the experiment with a quicker evapoiation, tSie 
powder had no acidity, but was very much like 
chalk. Hie burning of brimftone bur once 
ever a quantity of limcwvater, will affed: it in 
fuch a manner, that breathing into it will not 
make it turbid, W'lin:h otherv/ife it always pre- 
fently docs. 

Dr. Hales fuppofed, that by burning brim- 
ftone repeatedly in the fame quantity of air, the 
diminution would continue without end. Bat 
this I have frequently tried, and net found to 
be the cafe. Indeed, when the ignition has 
been imperfedl in the firit inftance, a fccond 
firing of the fame fubftance will increafe the 
effedl of the firfl, &:c. but this progrefs fooa 
ceafes. 

of common rdr, by this and otlier procefies is, in part at 
ieall, owing to die precipitation of the air from it, 
the reader win find confirmed by the expciiments and ob- 
fervacions in the fecond part. 
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In many cafes of the diniintition of air, tlic 
effeft is not immediately apparent, even when 
it Hands in water for fometimes^ the bulk of 
air will not be much reduced, till it has paiTed 
ffcveral times through aquandty of water, which 
has thereby a better opportunity of abfoibing 
that part of the air, which had not been per¬ 
fectly detatched from the reft. I have fome- 
timea found a very great redudtion of a mafs of 
air, in confequcnce of paffing but once through 
cold water. If the air has flood in qutckfilvei, 
the diminution is generally inconfderable, till 
it has undergone this operation, there not ncing 
anv fubftance exjjofed to the air that couki 
abibrb any part of it. 

I could not find any confiderable alteration 
in the fpecific gravity of the air, in which 
candles, or brimftone, had burned out. I am 
fatisfied, howeve.'", that it is not heavier than 
common air, which muft have been manifeft, 
if fo great a diminution of the quantity had 
been owing, as Dr. Hales and others fuppofed, 
to the elafticity of the whole mafs being im¬ 
paired. After making feveral trials for this 
purpofe, I concluded that air, thus diminifhed 
in bulk, is rather lighter than common air, 
which favours the fuppofition of the fixed, or 
heavier part of the common air, having been 
precipitated, 
a 


An 
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m "vhich Candles have burned. 

An animal will live nearly, if not quite as 
long, in air in which candles have burned out, 
as in common air. This fadh furprized me very 
greatly, having imagined that what is called 
the confimption of air by flame, or refpiration, 
to have been of the fame nature, and in the 
fame degree; but 1 have flnce found, that this 
fa£t has been obferved by many perfons, and 
even fo early as by Mr. Boyle. I have alio 
obferved, that air, in which brimflone has 
burned, is not in the leaft injurious to animals, 
after the fumes, which at firfl: make it verv 
cloudy, have intirely fubfided. 

I mufl, in this place, admonifh my reader 
not to confound the iimplc bm ning of hrhnflone^ 
or of matches (i. e. bits of wood dipped in it) 
and the buriiiiig of brimflone with a burning' 
mirror, or any foreign heat. The effe£t of the 
former is nothing more than that of any other 
fla}nc.^ or ignited vapour^ which v/ili not burn, 
uniefs the air with which it is furroimded be in 
a very pure ftate, and which is therefore cx- 
tinguljQied when the air begins to be much 
vitiated. Lighted brimftone, therefore reduces 
the air to the fame ftate as lighted wood. But 
the focus of a burning mirror thrown for a fuf- 
fcient time either upon brlmftone, or wood, 
after it has ceafed to burn of its own accord, 
and has- become char coif L will have a much 

preater 

o 


50 


Ohfet^vations on 

efFedled by plants imbibing the phlogiftic matter 
with which it is overloaded by the burning of 
inflammable bodies. But whether there be any 
foundation for this conjedfeure or not, the faff 
is, I think, indifputable. I lhall introduce the 
account of my experiments on this fubjedt, by 
reciting fome of the ohfervations which I made 
on the growing" of plants in confined air, which 
led to this difeovery. 

One might have imagined that, fince common 
air is neceffary to vegetable, as well as to animal 
life, both plants and animals had affected it in 
the fame manner ; and I own I had that expec¬ 
tation, when I firfl .put a fprig of mint into a. 
glafs jar, ftanding inverted in a veflel of water: 
but when it had continued growing there for 
fome months, I found that the air would neither 
extinguilh a candle, nor tvas it at all inconve¬ 
nient to a moufe, which I put into it. 

The plant was not affedted any otherwife than 
was the neceffary confequcnce of its confined 
fituarion ; for plants growing in fcveral other 
kinds of air, were all affedlcd in the very fame 
manner. Every fuccefiion of leaves was more 
diminiflied in fize than the preceding, till, at 
length, they came to be no bigger than the 
heads of pretty fmall pins. The root decayed, 
and the ftalk alfo, beginning from the root; 

and 
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an^L yet the plant continued to grow upwards, 
drawing its nourilliment through a black and 
rotten ftem. In the third or fourth fet of 
leaves, long and white hairy filaments grew 
from the infertlon of each leaf and fometimes 
from the body of the Item, Ihootirig out as fai‘ 
as the veflTel in which it grew would permit, 
■which, in my experiments, was about two in¬ 
ches. In this manner a fprig of mint lived, 
the old plant decaying, and nexvones ftiootine 
up in Its place, but lefs and lefs continually, 
all the fummcr fcalbn. 


In repeating this experiment, care muft be 
taken to draw away all the dead leaves from 

*Aould putrefy, and 
afiedt tnc air. I have found that a frefii cab¬ 
bage leaf, put under a glafs veffel filled with 
common air, for the fpace of one night only 
has fo affedled the air, that a candle would not 
burn in it the next morning, and yet the leaf 
•had not acquired any fmell of putrefaftion 


_ Finding that candles would burn very well 

m air in which plants had growa a long time 
and having had fome reafon to think, thS there 
was mmethmg attending vegetation, which re- 
ored air that had been injured by refpiration, 
J thought It was poflible that the fame proceft 

^ ^ might 
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j ired by the burning of candles. 

Accordingly, on the 17th of Aujnifi: 1771, 
X of mint into a quantity of air, in 

J ic a waxcandJehad burned our, and I'ound 

0.^1/T of the fame month, another 

c^andie burned perfedly well in it. Tids expe- 

ent repeated, without the leaft variauon 
m the event, not left than eight or ten timea in 
the remainder of the fummer. 

, Several times I divided the quantity of air in 
^^hch the cardie had burned out, into two 
parts, and putting the plant into one of them, 
left the odicr in the fame expofure, contained, 
<u!o, in a glafs veflel immerfed in v-atcr, but 
tv,thouE any plant; and never failed to fnc' 
chat a candle would burn in the fo,-mcr bur 
nor m the latter. ' ^' 

I generally found that five or fe days were 
fudicient toreftore this air, when the plant was 
m Its vigour; .whereas I have kept this kind of 
air in glafs yeffels, immerfed in water many 
months, widiout being able to perceive that the 
leaft alteration had been made in it. I have 

alfo tried a great variety of experiments upon 

It, ai y condenfing, rarefying, expofing fo the 
light and neat, &c. and throwing- into" it the 

efHuvia, 
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♦iHuvia of many different fubftances, but vviti> 
out any effe-it. 

Experiments made in the year le,,, abun- 
antly confirmed my concluiioii conccrnin.r the 
reftoratfcn of air, m which candles had bornrf 
at by plants growing in it. The firft of thefc 
experiments was made in the month of Mif" 
mid tney frccjoently repeated in that anj 
rf-jwo following months, wntbout a fing.e 

ftbft ”e" Th i ““ 

)°w candL. ot theTtA of X- ” 

the preceding year. 

I 4t a gret"nlbt^fthlVret 

leaves of mint in a fmali ^ 

'ehich candies had burned om and “cf"' '“i 

tkem frcinently, for a long fp’ace of 

couMperceiwenomelioratioVinJ^r’of 
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This remarkable efFed does not depend upon 
any thing peculiar to mint, which was the plant 
that I always made ufe of till July 1772 ; for 
on the 16th of that month, I found a quantity 
of this kind of air to be perfedly reftorcd by 
Iprigs of which had grown in it from the 
7th of the fame month. 

That this refloration of air was not owing 
to any aromatic effluvia of thefe two plants, not 
only appeared by the ejfential oil of mint having 
no fenfible effedl of this kind ; but from the 
equally complete relloration of this vitiated air 
by the plant called gtoundjel, w^hich is ufually 
ranked among the weeds, and has an ofFenfive 
fmell. This wgs the refylt of an experiment 
made the i6th of July, when the plant had 
been growing in the burned air from the 8 th of 
the fame month. Befides, the plant which I 
, have found to be the moft effedual of any that 
I have tried for this purpofe is fflinach, which 
IS of quick growth, but will feldom thrive long 
in water. One jar of burned air was perfedly 
reftored by this plant in four days, and another 

in two days. This lall w-as obferved on tlje 
fizd of July. 

In general, this effeft may be prefumed to 
have taken place in much lefs time than I have 
mentioned; becauie I never chofe £0 make a 

2 . ■ 
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tnal of the air, till I was pretty fure, from 
preceding obfervations, that the event which 
I had expeded muft have taken place, if it 
would fucceed at all 5 left, returning back that 
part of the air on which I made the trials and 
which would thereby neceflarily receive afmall 
mixtLire of common air, the experiment might 
not be judged to be quite fairj though I myfelf 
iHxg. t e ufBciently latisfied with refpedt to the 
allowance that was to be made for that fmall 
imperfea-ion. 


section III. 
inflammable Air, 

I have generally made indammable air in the 

IoS't' 1 Pbt 

lofophical Tranladions, from iron, zinc or 

-o W me’tai: 

lefome: but when I extracted it from veae- 
able or animal fubftances, or from coals I p°ut 
em into a gun-barrel, to the orifice of whfch 
Itated aglafs tuba, or the ftem of Hoblccf 
P pe, aed to the end of this I tied a 
bladder rn order to catch the generated aTr 
or I received the air in a velTel of quicltfflver’ 
in the manner reprcfented Fig. 7. ^ ’ 

E 4 


There 
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There is not, I believe, any veo'etable or 
animal fubftance whatever, nor any mineral 
fubllance, that is inflammable, but what will 
yield great plenty of inflammable air, v/hen 
they are treated in this manner, and urged with 
a ftrongheat; but, in order to get the moll: 
air, the heat muft be applied as fuddenly, and 
as vehemently, as poffible. For, notwitluland- 
ing the fame care be taken in luting, and in 
eyeiyothei refpedt, fix or even ten times more 
air maybe got by a fuddeii hear than by a flow 
one, though the heat that is lafl; applied be as 
iiitenfe as that which was ajiplied I'uddenly. A 
bit of tiiy oak, weighing about twelve qrrains, 
will generally yield abouta fheep's bladder hill 
of inflammable air with a brifle heat, wlion it 
will only give about two or three ounce mea- 
fures, it the fiimc heat be applied to it very 
gradually. To what this diflewnce is owing, 

1 cannot tell. Perhaps the phlogifton 
extricated more flowiy may not be intircly ex¬ 
pelled, but form another kind of union with 
ks bale: fo that charcoal made with a heat 
flowiy applied Ihall contain more phlogilloji 
than that which is made wirli a fuddenluMr, 

It may be worth while to examine the iirojier- 
t;es of the charcoal with this view. 

Inflammable air, when it is made by a quirk 
procef., i;as a yer. ftrong and offenfiye fmcll, 

from 
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rrora whatever ilibftance It be generatedbut 

this fmdl IS of three different kinds, aecordino- 
^■s the air is extradred from mineral, vep-rrabj<^ 
or animal fubftanccs. The laft is cxct5dinc,-V 
end; and it makes no difference, whether it 
t extradled from a bone, or even an old and 
ciry tooth, from foft mufcalar fidh; or any 
other part of the animal. The burning of any 
^aodance occafions the fame fmell: for r--* 
Jdrols fume which arifes from them, before they 
i^ame,_is the inflammable air they contain 
which ^ expelled by heat, and then Ldily i,.’ 

hiu-llof inflammable air is the very 
as flu- as I am able to perceive, from 

thei-t id ^ k ' ■! difference whe- 

i,.v n?, ? ’ “■'l “ ‘'"fore, fro,-n 

any part of an animal. 

if a quantify of inflame,ai,le air be contain^-l 
n a giaia veflil ftanding i„ „ater, 

through ' even 

become '^"T’ "'iil aifo (bon 

theZbenr? fm, aflaming alt 

S! t‘T 7 ° ” ' 1 'e‘eaXrf 

^ *“«' by colk-aing a corfl 

eeiaole qu.mty of it, and if it have been gf 

nerated 
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nerated from zinc, it is a whitifh fubllance, 
which I fuppofe to be the calx of the metal. 
It likewife fettles to the bottom of the veffel, 
and when the water is ftirred, it has very much 
the appearance of wool. When water is once 
impregnated in this manner, it will continue to 
yield tliis fcum for a confiderable time after the 
air is removed from it. This I have often ob- 
ferved with refped to iron. 

Inflammable air, made by a violent efferve- 
fcence, I have obferved to be much more in¬ 
flammable than that which is made by a weak 
effervefcence, whether the water or the oil of 
vitriol prevailed in the mixture. Alfo the of- 
fenfive fraell w^as much flronger in the former 
cafe than in the latter. The greater degree of 
inflammability appeared by the greater num¬ 
ber of fucceflive explofions, when a candle was 
prefented to the neck of a phial filled with it.* 
It is poflible, however, that this diminution of 
inflammability may, in feme meafurc, arife 
from the air continuing fo much longer in the 
bladder when it is made very flowly ; though 

To try this, after every explolion, which immediately 
follows the prefenting of the flame, the mouth of the phial 
flioold be clofed (I generally do it with a finger of the 
hand in which I hold the phial) forotherwife the inflam¬ 
mable air will continue burn'^ng, though invifibly in the 
day time, till the whole be con fumed. 




I think 
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I think the drfference is too great for this caufe 
to have produced the rvhole of it. It may, 
perhaps, deferveto be tried by a different pro- 
cels, without a bladder. 

Inflammable air is not thought to be mifci- 
le W'lth water, and v/hen kept many months, 
Icems, in general, to be as inflammable as ever! 
Indeed, when it Is excraftcd from vegetable or 
animal fubftances, a part of it will be imbibed 
by the water In which it ftands; but it may be 
prefumed, that in this cafe, there was a mixture 
of fixed air extracted from the fubfirance alono- 
with It. I have indifputabje evidence, how¬ 
ever, that inflammable air, Handing lono- in 
water, has adtuaily loll all its inflammability, 
and even come to extinguifn flame much more 
than that air in which candles have burned 
out.^ After this change it appears to be greatly 
diminiflied in quantity, and it ftill continues to 
kill animals the moment they are put into it. 

This vtr/ remarkable fadt firfb occurred to 
my obfervation on the twenty-fifth of May 
iTJi, when I was examining a quantity of in¬ 
flammable air, which had been made from zinc, 
near three years before. Upon this, I imme¬ 
diately fet by a common quart-bottle filled with 
inflammable air from iron, and another equal 
quantity from zincand cy<>miniag them in 

die 
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the beginning of December following, that 
from the iron was reduced near one half in 
quantity, if I be not greatly miftaken ; for I 
found the bottle half full of water, and I am 
pretty clear that it was full of air when it was 
fit by. That which had been produced from 
zinc was not altered, and filled the bottle as at 
firft. 

Another inllance of this kind occurred to 
my obfervation on the t 9th of June 1 77^? when 
a quantity of air, half of which had been in¬ 
flammable air from zinc, and half air in which 
mice had died, and which had been put to¬ 
gether the ^joth of July appeared not 

to be in theleaft inQammable, but cxiinguiflied 
flame, as much as any kind of air that I had 
ever tried. I think that, in all, I have had 
four inftances of inflammable air iofing its in¬ 
flammability, while it flood in water. 

Though air tainted with putrefaction cxtiis- 
SLiIlhes flame, I have not found tliat animals 
or vegetables putrefying inflammable air ren¬ 
der it lefs inflammable. Bur one quantity of 
inflammable air, which I had let by in May 
1771, along with the others above mentioned, 
had had fome putrid flelh in it; and this air 
had loll its inflammability, when it was exa¬ 
mined at the fame time with the other in the De¬ 
cember 
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cember following. The bottle in which this 
air had been kept, fmelled exadly like very 
itrong Harrogate water. I do not think that 
any peifon could have diftinguilhed them. 

_ I have made plants grow for feveral months 
m inflammable air made from zinc, and alfo 
rom oa*^ , but, though the plants grew pretty 
well, the air ftiH continued inflammable. The 
ormer, indeed, was not fo highly inflammable 

as when It was frem made, but the latter was 

quite as much lb ; and the diminution of in¬ 
flammability in the former cafe, I attribute to 
lome other caufe than the growth of the plant. 

Nokind ofair,on which I have yet made the ex- 

of an eleanc fpark is remark ablydifferent in fome 
_ IFerent kinds of air, which feems to Ihew that 
ey are not equally good non-conduftors. In 
fixed air, the eledtric fpark is exceedingly white 
ut in inflammable air it is of a purple, or red 
colour. Now, fince the moft vigorous fparks 
are always the whitell„and, in other cafes, when 
the jpark is red, there is reafon to think that the 

eledric matter pafles with difficulty, and with 
e s rapi ity , it is pollible that the inflammable 
air may contain particles which conduct elec¬ 
tricity, though very imperfedly ; and that the 
whitenefs of the Ipark in the fi.xed air, may be 
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owing to its meeting with no condudting parti¬ 
cles at all. When an explofion was made in a 
quantity of inflammable air, it was a little white 
in the center, but the edges of it were ftiii 
tinged with a beautiful purple. The degree of 
whitentfs in this cafe v/as probably owing to the 
eledtric matter rufhing with more violence in an 
explofion than in a common fpark. 

Inflammable air kills Snimals as fuddenly 
as fixed air, and, as far as can be perceived, 
in the fame manner, throwing them into con- 
vulfions, and thereby occafioning prefent death, 
I had imagined that, by animals dying in a quan¬ 
tity of inflammable air, it would in time be¬ 
come lefs noxious •, but this did not appear to 
be the cafe •, for I killed a great number of mice 
in a Iraall quantity of this air; which I kept fe- 
veral months for this purpofe, without its being 
at all fenfibly mended; the laft, as well as the 
firfl: moufc, dying the moment it was put 
into it. 

1 once imagined that, fince fixed and inflam¬ 
mable air arc the reverfe of one another, in fe- 
veral remarkable properties, a mixture of them 
would make common air; and w'hile I made the 
mixtures in bladders, I imagined that I had fuc- 
ceedcd in my attempt; but I have fince found 
that tirin bladders do not fufliciently prevent 

the 



Infiammahle A\r. 6 3 

tlie air that is contained in them from mixing 
with the external air. Alfo corks will not fuf- 
ficiently confine different kinds of air, unlels 
the phials in which they are confined be fet with 
their mouths downwards, and a little water lie 
in the necks of them, which, indeed, is equi¬ 
valent to the air Handing in veffels immerfed in 
water. In this manner, however, I have kept 
different kinds of air for feveral years. 

Whatever methods I took to promote the 
mixture of fixed and inflammable air, they were 
ajl ineffedtuai. I think it my duty, however, 
to recite the iffue of an experiment or two of 
this kind, in which equal mixtures of thefe two 
kinds of air nad flood near three years, as they 
feem to fliew that they had in part affecledonc 
another, in that long fpace of time. Thefe 
mixtures I examined April 27, 1771. One of 
them had flood in quickfilver, and the other in 
a corked phial, with a little water in it. On 
opening the latter in water, the water inflantly 
rufhed in, and filled almofl half of the phial, 
and very little more was abforbed afterwards. 

In this cafe the water in the phial had probably 
abforbed a confiderable part of the fixed air, 
fo that the inflammable air was exceedingly ra¬ 
refied ; and yet the whole quantity that muff 
have been rendered non-elaftic was ten times 
4nc)re than the bulk of the water, and it has not. 

been 
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been found that water can contain much more 
than its own bulk of fixed air. But in other 
cafes I have found the diminution of a quantity 
of air, and efpecially of fixed air, to be much 
greater than I could well account for by any 
kind of abforption. 

The phial which had flood immerfed in quick- 
filvcr had loft very little of its original quantity 
of air; and being now opened in water, and 
left there, along with another phial, which was 
juft then tilled, as this had been three years be- 
tore, viz. with air half inflammable and half 
fixed, I obferved that the quantity of both was 
diminilhcd, by the abforption of the water, in 
the fame propoition. 

Upon applying a candle to the mouths of 
the phials which had been kept three years, 
that which had ftood in quickfilver went off at 
one explofion, cxadlly as it would have done 
if there had been a mixture of common air 
with the inflamjnable. As a good deal depends 
upon the apercure.s ot the veilcl-; in which the 
inflammable air is mixed, I mixed the two 
kinds of air in etjual proj^ortions in the fame 
phial, and after letting the phial Hand fome 
days in water, that the fixed air might be ab- 
forbed, I applied a candle to it, but it made 
ten or twelve cxplofions (ftojiplng the phiali^ 

after 
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after each of them) before the inflammable 
matter was exhaufled. 

The air which had been confined in the cork¬ 
ed phial exploded in the very fame manner as 
an equal and fiefh mixture of the two kinds 
of air in the fame phial, the experiment being 
made as foon as the fixed air was abforbed, as 
before ; fo that in this cafe, the two kinds of 
air did not feem to have affeded one another 
at all. 

Confidering inflammable air as air united to, 
or loaded with phlogiflon, I expofcd to it feve- 
ral fubflances, which arc faid to have a near 
affinity with phlogiflon, as oil of vitriol, and 
fpirit ot nitre (the former for above a month), 
but without making any fenfible alteration in it. 

I obferved, however, that inflammable air, 
mixed with the fumes of Imoking fpirit of ni¬ 
tre, goes off at one explolion, exadly like a 
mixture of half common and half inflammable 
air. This I tried feveral times, by throwing the 
inflammable air into a phial full of fpirit of 
nitre, wfith its mouth immerfed in a bafon 
containing fome of the fame fpirit, and then 
applymg the flame of a candle to the month of 
the phial, the moment that it was uncovered, 
after it had been taken out of the bafon. 

F 
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This remarkable efFe£b I haftily concluded 
to have arifen from the inflammable air having 
been in part deprived of its inflammability^ by 
means of the ftronger affinity, which the fpirit 
of nitre had with phiogiilon, and therefore I 
imagined that by letting them Hand longer in 
contadt, and efpecially by agitating them ftrong- 
}y together, I ihouid deprive the air of all its 
inflammability but neither of thefe operations 
fucceeded, for ftill the air was only exploded 
at once, as before. 

Andlaflly, when I palled a quantity of inflam¬ 
mable air, which had been mixed with the 
fumes of fpirit of nitre, through a body of 
water, and received it in another velTel, it ap¬ 
peared not to have undergone any change at all, 
for it went off in feveral fucceffive explofions, 
like the pureft inflammable air. The effect 
abovementioned muft, therefore, have been 
owing to the fumes of the fpirit of nitre flip- 
plying the place of common air for the purpole 
of ignition, which is analogous to other experi¬ 
ments with nitre. 

Having had the curiofity, on the 25tli of 
July 1772, to expofc a great variety of different 
kinds of air to water out of which the air it con¬ 
tained had been boiled, without any particular 
•view; the refolt was, in feveral refpefe, alto- 

gethe.T 



fcether unexpected-, and led to a variety of new 
obfervations on the properties and affinities of 
feveral kinds of air with refpeCt to water. 
Amont^ the reft three fourths of that which 
^as inflammable was abibrbed by the water in 
about two days, and the remainder was inflam¬ 
mable, but v/eakly fo. 

Upon this, I began to agitate a quantity of 
ftrong inflammable air in a glafs jar, ftanding 
in a pretty large trough of water, the furface 
of which was expofed to the common air, and 
I found that when I had continued the opera¬ 
tion about ten minutes, near one fourth of the 
quantity of air had ciifappearcd.; and finding 
that the remainder made an effervefcence with 
nitrous air, I concluded that it miift have be¬ 
come fit for refpiration, whereas this kind of 
air is, at the firft, as noxious as any other kind 
whatever. To afeertain this, I put a moufe 
into a veflel containing af ounce meafures of 
if, and obferved that it jived in it twenty mi¬ 
nutes, which is as long as a moufe will gene¬ 
rally live in the fame quantity of comiBon air.' 
I'his moufe was even take'n out alive, and rex 
covered very well. Still alfo the air in which 
it had breathed fo'long was inflammable, though 
very weakly fo. I have even found it to be fo 
when a moufe has adually died in it. In- 
iiamiaable air thus diminiffied by agitation In 
F 2 water. 
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waterj malces but: one cxplofion on the approach 
of a candle, cxadily like a mixture of inflam¬ 
mable air with common air. 

From this experiment I concluded that, by 
continuing the fame procels, I fliould deprive 
inflammable air of all its inflammability, and 
this I found to be the cafe 5 for^ after a longer 
agitation, it admitted a candle to burn in it, 
like common air, only more faintly; and in¬ 
deed by the tefl: of nitrous air it did not appear 
to be near fo good as common air. Continuing 
the fame procefs ftill farther, the air which had 
been moft ftrongly inflammable a little before, 
came to extingnifii a candle, exaftly like air in 
which a candle had burned out, nor could they 
be diflinguiflied by thecelbof nitrous air. 

I found, by repeated trials, that it was difli- 
cult to catch the time in which inflammable air 
obtained from metals, in coming to extinguifh 
flame, was in the ftate of common air, fo that 
the tranficion from the one to the other muft be 
very fliorr. Indeed I think that in many, per¬ 
haps in moft cafes, there may be no proper me¬ 
dium at all, the phlogifton palling at once from 
that mode of union with its bafe which confti- 
tutes inflammable air, to that which conftitutes 
an air that extinguilhes flame, being fo much 
overloaded as to admit of no more. I readily, 

how- 
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however, found this middle ftare in a quantity 
of inflammable air cxtraded from oak, which 
air I had kept a year, and in which a plant had 
grown, though very poorly, for fome part of 
the time. A quantity of this air, after beinp" 
agitated in water till it was diminifhed aboiit 
one half^ admitted a candle to burn in it ex¬ 
ceedingly well, and was even hardly to be dif- 
tinguifhed from common aii by the teft of ni¬ 
trous air. 

I took fome pains to afccrtain the quantity 
of diminution, in frefli-made and very highly- 
infiammable an fiom non, at vvhich it cealed tc 
be inflammable, and, upon the whole, I con. 
eluded that it was lo vvnen it W'as dimiiiiilied 
little more than one half; for a quantity whlc' 
was diminiflied exactly one half had Ibmcthinf 
.inflammable in it, but in the fiigbteft degree 
imaginable. It is not improbable, however, but 
there may be great differences in the refutt of 
this expcriLT.ent. 

Finding thatwaterwould imbibe inflammable 
air, I endeavoured to impregnate water with it 
by the fame procefs by which i had made wate^ 
imbibe fixed an ^ but though I found that eli. 
ftilFd atei woulel imbibe about one fourteenth 
of its bulk of inflammable air, I could not 
percei/e that the tafte of it was fenfibly altered. 

f' 3 SECT. 
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SECTION IV. 

Of Air. infeSied tviih animal respiration, or 
Putrefaction. 

That candles 'vvill burn only a certain time, in 
a given quantity of air is a fa£t not better 
known, than it is that animals can live only a cer* 
tain time in it •, but the caufe of the death of tlie 
animal is not better known than that of the ex¬ 
tinction of flame in the iame circumftance?; and 
when once any quantity of air has been ren¬ 
dered noxious by animals breathing in it as long 
as they could, I do not know that any methods 
have been difeovered of rendering it fir for 
breathing again, it is evident, hov/ever, that 
there mull be fome provifion in nature for this 
purpofe, as well as for that of rendering the 
air fit for fuftaining flame ; for without it the 
whole mafs of the atmofphere would, in time, 
become unfit for the purpofe of animal life; 
and yet there is no reafon to think that it is, at 
prefent, at all iefs fit for refpiration than it has 
ever been. I flatter myfelf, however, that I 
have hit upon two of the methods employed by 
nature for this great purpofe. How many other; 
rhere may be, 1 cannot tell. 

Whei: 
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When animals die upon being put into air in 
which other animals have died, after breathing 
in it as long as they could, it is plain that the 
caufe of their death is not the want of any 
pahiluin wLe, v,’hich has been fuppofed to be 
contained in the air, but on account of the air 
being impregnated with fomething ftiinulating 
to their lungs; 'for thev almofl: aiwavs die in 
cor.vuluons, and are Ibmerimes afiebced folud- 
denly^ that they are irrecoverable after a lingle 
inipiration;, though they be withdravai inime- 
diately, and every method has been taken to 
bring them to life again. They are aflected in 
the fame manner, when they are killed in any 
other kind of noxious air that I have tried, 
viz, fixed air, inflammable air, air filled with 
the fumes of brimftone, infedled with putrid 
matter, in which a mixture of iron filings and 
brimftone has flood, or In v/liicli charcoal has 
been burned, or metals calcined, or in nitrous 
air, 


As it Is known that convylfions weaken, and 
exhauft the vital powers, much more than the 
moil vigorous voluntary aftion of the mufcles, 
perhaps thefe univcrfal convulfions may exhaufb 
the whole of what we may call the vis at 
once, at leall that the lungs may be rendered 
abfjiutely incapable of acllon, till the animal be 
T 4 fufib* 
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fufFocated, or be irrecoverable for want of re- 
fpiration. 

If a moufe (which is an animal that I have 
commonly made ufe of for the purpofe of thefe 
experiments) can ftand the firft Ihock of this 
ftiniulus, or has been habituated to it by de¬ 
grees, it will live a confiderable time in air in 
which other mice will die inftantaneoufly. I 
have frequently found that when a number of 
mice have been confined in a given quantity of 
air, lefs than half the time that they have ac¬ 
tually lived in it, a frelh moufe being intro¬ 
duced to them has been inftantly thrown into 
convulfions, and died. It is evident, thetefore, 
that if the experiment of the Black Hole were 
to be repeated, a man would ftand the better 
chance of furviving it, who fhould enter at the 
firft, than at the laft hour. 

I have alfo obferved, that yoimg mice will 
always live much longer chan old ones, or than 
thofe which are full grown, when they are con¬ 
fined in the lame quantity of air. I have fome- 
times known a young moufe to live fix hours in 
the fame circumftances in which an old moufe 
has not . lived one. On thefe accounts, experi¬ 
ments with mice, and, for the fame reafon, no 
doubt, with other animals alfo, have a confider¬ 
able degree of uncertainty attending them; and 

therefore. 
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therefore, it is neceffary to repeat them fre¬ 
quently, before the reluk can be abfolureiy de¬ 
pended ui>on. But every perfon of feeling will 
rejoice with me in the difeovery of nitrons air, 
to be mentioned hereafter, which fuperfedes 
many experiments with the refpiration of ani¬ 
mals, being a much more accurate teft of the 
purity of air. 

The difeovery of the provifion in nature for 
reftoring air, which has been injured by the re¬ 
fpiration of animals, having long appeared to 
me to be one of the moll important problems ia 
natural philoioph)'', I have tried a great variety 
of fchemes in order to effedl it. In thefe my guide 
has generally been to confider the influences to 
which the atmolj)here is, in faft, expofed; and, 
as fome of my unfuccefsful trials may be of ufe 
to thofe who are difpofed to take pains in the 
farther inveftigation of this fubjedt, I fliall men¬ 
tion the principal of them. 

The noxious effluvium with which air is 
loaded by animal refpiration, is not abforbed by 
ftanding, without agitation; in freih or fait wa¬ 
ter. I have kept it many months infrefh water, 
when, inflead of being meliorated, it has feemed 
to ^aecome even more deadly, fo as to require 
more time to reftore it, by the methods w’hich 
will be explained hereafter, than air which has 

been 
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been lately made noxious. I even ipent 
feveral hours in pouris'.g this air from one gas 

into another, ln..ter ~ 

^rCetSerk wiped the 
velTels manv times, during the courfeo. the ex- 
pMment, in order to take ofFthat part of he 
fmxious Matter, which might adhere to the gl.s 
veffels, and which evidently gave them an oi- 
fenfive frnell; hut all thefe methods wcie g- 
nerally v/ithout any fenfible effcdl. ^h^ . 

alfo, tvhlch the air received m thefe c.. ai 
fences, it is very evident, was of ^ ^ 
this purpofe. I had not then tnought oi Uic 
fimple, but moft effecfeial methodmf agitating 
air in water, by putting it into a tall jar and 
fhaking it with m.y hand. 

. This kind of air is not refcomd 
pokd to the or by any other . 

which it is expofed, when conbned m 
phial, in the open air, for feme montns. 

\-rono- other experiments, I tried a greatva- 
/.ety of different wdiich am 

exhaling into the air, efpeeiady or 
fences which are known to refill: putrefadion; 
hut I could not by ihcle means tffed any mt.i 

onition of the noxious riuality of tins kind o' 
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Having read, in the I'nemoirs of the Imperial 
Society, of a plague not afieaing a particular 
viliage, in which ""there v/as a large fulphur- 
tvork, I immediately runugaced a quantit}'' of 
this kind of air ; or (which will hercaftei ap¬ 
pear to be the very fame thing) air tainted with^ 
putrefaftion, with the fumes of burning biina- 
ftone, but without any elfedt. 


I once imagined, that the riitrous aAa in the 
air might be die general reftorative which I was 
in nueS of; and the conjedlure was favoured, by- 
finding that candles would burn in air extracted 
from faitpetre. I therefore fpent a good deal 
of time in attempting, by a burning glafs, and 
other means, to impregnate this noxious air, 
with fume effluvium of iakpetre, and, with the 
fame view, introduced into it the fumes of the 
fmoaking fpirit of nitre ; but both thefe me¬ 
thods were altogether ineneftual. 


In order to try the effeft of heat, I put a 
quantity of air, in which mice had died, into a 
bladder, tied to the end of the ftem of a to¬ 
bacco-pipe, at the other end of which was ano¬ 
ther bladder, out of which the air was carefully 
preffed. I then put the middle part of the ftem 
into a chafing-difti of hot coals, ftrongly urged 
with a pair of bellows; and, prefTing the blad¬ 
ders alternately, I made the air p-afs feveral 

times 
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times through the heated part of the pipe. 1 
have alio made this kind of air very hoc, ihind- 
ing in water before the arc. But neither of 
thefe methods were of any ufe. 

'R.arefaS.lon and condesifation by inftru.iients 
were alfo tried, but in vain. 

Thinking it poffible that the earth might im¬ 
bibe the noxious quality of the air, and thence 
fnpply the roots of plants with fuch pucrefeent 
matter as is known to be nutritive to them, I 
kept a quantity of air, in which mice had died, 
in a phial, one half of which was filled wide fine 
garden-mould ; but, though it Hood two 
months in thefe circumftances, it was not the 
better for it. 

I once imagined that, fince fevcral kinds of 
air cannot be long feparated from common air, 
by being confined in bladders, in bottles well 
corked, or even clofed with ground floppies, the 
aiiinity between this noxious air and the comm.on 
air might be fo great, that they would mix 
through a body of water interpofed between 
them ■, the water continually receiving from the 
one, and giving to the other, cfpecially as wa¬ 
ter receives fome kind of impregnation from, 
i believe, every kind of air to which it is conti¬ 
guous; 
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;; but I have feen no reafon to conclude, 
mixture of any kind of air with the com- 
iir can be produced in this manner. 

lave kejtt air in wiiich mice have died, 
tthich candles have burned out, and in¬ 
table air, feparated from the common air, 
e flighteft partition of water that I could 
rake, fo that it might not evaporate in a 
• two, it I llrould happen not to attend to 
, but I found no change in them after a 
or fix w'eeks. The inflammable air was 
flammable, mice died inftantly in the air 
;h other mice had died before, and can- 
ould ntrt burn where they had burned out 


s air tainted with animal or vegetable 
dtion is the fame thing with air rendered 
s by animal refpiration, I lhall now re- 
e obfervations which I have made upon 
d of air, before 1 treat of the method of 
g' them. 

■ thefe two kinds of air are, in fad:, the 
ing, I conclude from their having feve- 
arkable common properties, and from 
fering in nothing that I have been able 
rve. They equally extinguifli flame, 

: equally noxious to anim.als, they are 

equally. 
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equally, and in the fame way, oiTenfive to the 
ftnell, and they are reftored by the fame means. 

Since air which has paffed through the lungs 
is the fame thing with air tainted with animal 
purrefadtion, it is probable that one ufe of the 
lungs is to carry off a putrid effluvium, without 
which, perhaps, a living body might putrefy 
as foon as a dead one. 

When a moufe putrefies in any given quan- 
tit}’' of air, the bulk of it is generally increafec! 
for a lew days; but in a few days more it be¬ 
gins to flirink up, and in about eight or ten 
days, it the weather be pretty warm, it will be 
found to be diminifhed j, or f of its bulk, 
If it do not appear to be diminiflied after this 
time, it only requires to be paffed through wa¬ 
ter, and the diminution will not fail to be len- 
fible. I have fometimes known almoft the 
w hole diminution to take place, upon once or 
twice palling through the water. The fame is 
the cafe with air, in which animals have 
breathed as long as they could. Alfo, air In 
which candles have burned out may almoft al¬ 
ways be farther reduced by this means. 

All thefe procefles, as I obferved before, feeni 
to difpofe the compound mafs of air to part with 

forae 
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Tome conffituent pare belonging to it (which ap¬ 
pears to be ihtfixcd air that enters into its con- 
ftitution) and this being miftibie with tvater, 
miift be brought into contaclwdth k, in order 
to mix with it to the moft advantage, efpecially 
when its union with the other conftituent prin¬ 
ciples of t!ie air is but partially broken. 

I have put mice into vefiels tvhich had their 
mouths immerfed in quickfilver, and obferved 
that the air was not much contracted after they 
were dead or cold; but upon withdrawing the 
mice, and admitting lime rvater to the air, it 
immediately became turbid, and was contradted 
in its dimenfions as ufuak 

I tried the lame thing with air tainted with 
putrefadion, putting a dead moufe to a quan¬ 
tity of common air, in a veffel which had its 
mouth immerfed in quicklilver, and after a week 
1 took the moufe out, drawing it throush the 
quickfilver, and obferved that, for fome time, 
there was an apparent increafe of the air per¬ 
haps about After this, it ftood two days 
in the quickfilver, without any fenfible altera¬ 
tion ; and then admitting water to it, it began 
to be abforbed, and continued fo, till the ori¬ 
ginal quantity was diminifhed about If, in- 
ftead of common water, I had made ufe of lime- 


water 
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water in this experiment, I make no doubt but 
it would have become turbid. 

If a quantity of lime-water in a phial be put 
under a glafs vtlfel {landing in water, it will 
not become turbid, and provided the accefs of 
the common air be prevented, it will continue 
lime-v/ater, I do not know how long •, but if 
a moufc be left to putref}^ in the veflel, the 
water will depofit all its lime in a few days. 
This is owing to the fixed air dcpofited by the 
common air, and perhaps alfo from more fixed 
air dilcharged from the putrefying fubilances 
in fome part of the procefs of putrefa(5tion. 

The air that is difeharged from putrefying 
fubftances feems, in fome cafes, to be chiefly 
fixed air, wnth the addition of fome other efflu- 
•vium, which has the power of diminifhing com¬ 
mon air. The refemblance between the true 
putrid effluvium and fixed air in the following 
experiment, which is as decifive as 1 can pof- 
fibly contrive it, appeared to be very great; 
indeed much greater than I had expefled. I 
put a dead mvoufe into a tall glafs veffcl, and 
having filled the remainder with quickfilver, 
and fet it, inverted, in a pot of quickfilver, I 
let it {land about two months, in which time 
the putrid effluvium iffuing from the mnu£e 
had filled the whole veflcl, and part of the dif- 

' folved 
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ibived blood, which lodged upon the fur- 
face of the quicklilver, began to be thrown 
out. I then filled another glafs vefiel, of 
the fame fize and fhape, with as pure fixed 
air as I could make, and expofed them both, 
at the fame time, to a quantity of lime-water. 
In both cafes the water grew turbid alike, 
it rofe equally fafi: in both the vefibls, and like- 
wife equally high j fo that about the fame 
quantity remained unabforbed by the water. 
One of thefe kinds of air, however, was ex¬ 
ceedingly fvveet and pleafant, and the other in- 
fufferably ofFenfire ; one of them alfo 'vrould 
have made an addition to any quantity of com¬ 
mon air, with which it had been mixed, and the 
other would have diminifhed it. This, at leaft, 
would ihave been the confequence, ifthemoufe 
irfeJthadputrefied in anyquantity of common air. 

It feems to depend, in fome meafure, upon 
the and other circumftances, in the diffo- 
lution of animal or vegetable fubftances, whe¬ 
ther they yield the proper putrid effluvium, or 
fixed, or inflammable air; but the experiments 
which I have made upon this fubjedt, have not 
been numerous enough to enable me to decide 
with certainty concerning thofe circumftances. 


Putrid cabbage, green or boiled, infefts 
the air in the very fame manner as putrid 
^ animal 
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animal fubfhances. Air thus tainted is equally 
contraded in its dimenfions, it equally extin- 
guilh.es flame, and is equally noxious to ani¬ 
mals ; but they alFed the air very differently, 
if the heat that is applied to them be con- 
flderable. 

If beef or mutton, raw or boiled, be placed 
fo near to the fire, that the heat to which it is 
cxpofed fhall equal, or rather exceed, that of 
the blood, a confiderable quantity of air will be 
generated in aday or two, about fth of which I 
have generally found to be abforbed by water, 
while ail the reft was inflammable; but air 
generated from vegetables, in the fame circum- 
flances, will be almoft all fixed air, and no part 
of it inflammable. This I have repeated again 
and again, the whole procefs being in quick- 
filver ; fo that neither common air nor water, 
had any accefs to the fubftance on which the 
experiment was made ; and the generation of 
air, or effluvium of any kind, except what 
might be abforbed by quickfilver, or reforbed 
by the fubftance itfeif, might be diftindly 
noted. 

A vegetable fubftance, after handing a day 
or two in thefe circumftances, will yield nearly 
all the air that can be extracted from it, in that 
sTeo-ree of he.at , whereas an animal fubftance 
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■Will continue to give more air, or effluvium, of 
fome kind or other, with very little alteration, 

'■^“^rkable, however, 
that thoogh a piece of beef or mutton, plun^^ed 
an qmckfiiver, and kept in this degree of heat 
yxeld a.r, the bulk of which is kflammabL 

That the putrid effluviunl will mix tvith 

of elaRic matter (and which may, therefore 
called ^.r) will foon be generate^ unle/the 

After a fh^ putrefaftion; 

ter a Ihort time, the water contrafts an ex- 

lemely fetid and offenfzve fmcll, which feems 

to indicate that the putrid efflu;ium pJZl 

the water, and affefts the neighbouring air ! 

and fince, after this, there is often no iLeafe 

he air, that feems to be the very fubftance 

which IS carried off through the waL, as faft 

as It IS generated ; and the offerifive fmell is d 

this has a very agreeable flavour, whether it be 
pro uced by fermentation, or extraded from 

^ ^ chalk 
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chalk by oil of vitriol; affedting not only th<r 
mouth, but even the noftrils, with a pungency 
which is peculiarly pleafing to a certain degree, 
as any perfon may eafily fatisfy himfelf, who 
will chufe to make the experiments. 

If the water in which the moufe was im- 
merfed, and which is laturated with the putrid 
air, be changed, the greater part of the putrid 
air, w'ill, in a day or twOj be abforbed, though 
the moufe continues to yield the putrid efflu¬ 
vium as before; for as foon as this freffl water 
becomes faturated with it, it begins to be offen- 
five to the fmcll, and the quantity of the putrid 
air upon its furface increafes as before. I kept 
a moufe producing putrid air in this manner for 
the fpace of feveral months. 

Six ounce'meafures of air not readily abforbed 
by water, appeared to have been generated from 
one moufe, wdiich had been putrefying eleven 
days in confined air, before it was put into a 
iar which was quite filled with water, for the 
purpofe of this obfervation. 

Air thus generated from putrid mice (landing 
in water, without any mixture of common air, 
extinguilhes flame, and is noxious to animals, 
but not more fo than common air only tainted 
with putrefaction* It is exceedingly difficult 
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and tedious to colledt a quantity of this putrid 
air, not mifcible in water, fo very great a pro¬ 
portion of what is colleded being abforbed by 
the water m which it is kept; but what that 
proportion is, I have not endeavoured to afcer- 
tain. It is probably the fame proportion that 
that part of fixed air, which is not readily 
abforbed by water, bears to the reft; and there¬ 
fore this air, which I at firft diftinguilhed by 
the name of the putrid effluvium, is probably the 
fame with fixed air, mixed with the phlogiftic 
matter, which, in this and other proceffes, di- 
minilhes common air. 

Though a quantity of common air be dimi- 
mflied by any lubftance putrefying in it, I have 
not ytt round the fame effea to beproduced by 
a mixture of putrid air with common air ; but 
m the manner in which I have hitherto made 
the experiment, I was obliged to let the pu¬ 
trid air pafs through a body of water, which 
might inftantly abforb the phlogiftic matter that 
diminifhed the common air. 

^ Infeds of various kinds live perfetfly well 
m air tainted with animal or vegetable putre¬ 
faction, when a fingle infpiration of it would 
have inftantly killed any other animal. I have 
frequently tried the experiment with flies and 
putterfties. The aphides, alfo will thrive as well 
^ 3 upon 
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upon plants growing in this kind of air, as in 
the open air. I have even been frequently 
obliged to take plants out of the putrid air in 
'which they were growing, on purpofe to brulh 
away the fwarms of thefe infedls which infeded 
them i and yet fo effedtually did fome of them 
conceal ihemfelves, and fo fall did they mul¬ 
tiply, in thefe circumftances, that I could fel- 
dom keep the plants quite clear of them. 

When air has been frellily and ftrongly 
tainted with putrefadlion, fo as to fmell through 
the water, fprigs of mint have prcfently died, 
upon being put into it, their leaves turning 
black ; but if they do not die prefently, they 
thrive in a moft furprizing manner. In no 
other circumftances have I ever feen vegetation 
fo vigorous as in this kind of air, which is 
immediately fatal to animal life. Though thefe 
plants have been crouded in jars filled with this 
air, every leaf has been full of life; frelh fhoots 
have branched out in various direftiops, andhave 
grown - much father than other fimilar plants, 
growing in the fame expofure in common air. 

This obfervation led me to conclude, that 
plants, inftead of aftedting the air in the fame 
manner with animal refpiration, reverfe the 
effedts of breathing, and tend to keep the armo- 
fphere iweet and wholefome, when it is become 

noxious 
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noxious, in confequence of animals either livino- 
and breathing, or dying and putrefying in it. 


In order to afeertain this, I took a quantity 
ot air, made thoroughly noxious, by mice 
breathing and dying in it, and divided it into 
two parts ; one of tvhich I put into a phial 
immerfed in water; and to the other (which 
was contained in a glafs jar, ftanding in water) 
I put a fprig of mint. This was about the 
beginning of Auguft 1771, and after eight or 
nine days, I found that a moufe lived perfedtly 
well in that part of the air, in which the fpri; 
o mint had grown, but died the moment it was 
put into the other part of the fame original quan- 
tttyof air; and which I had kept in the very fame 
expofure, but without any plant growing in it. 


This experiment I have fcveral times re¬ 
peated; lometimes ufing air in which animals 
had breathed and died, and at other times ufino- 
air, tainted with vegetable or animal putrefact 
tion ; and generally with the fame fuccefs. 


Once, I let a moufe live and die in a quantify 
of air which had been noxious, but which had 
been reftored by this procefs, and it lived nearly 
as long as I conjeaured it might have done in 
an equal quantity of freili air; but this is fo 
exceedingly various, that it is noteafy to form 

^ 4 any 
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any iudgmenc from it; and in this cafe tlic 
fymptom of difficult refbiration feemed to begin 
earlier than it would have done in common air. 

Since the plants that I made ufe of manifeftly 
grow and thrive in putrid air: fince putrid 
matter is well known to afford proper nourilli- 
ment for the roots of plants; and fince it is 
likewife certain that they receive nourllhment 
by their leaves as well as by their roots, it 
feems to be exceedingly probable, that the 
putrid effluvium is in fome meafiire extradled 
from the air, by means of the leaves of plants, 
and therefore that they render the remainder 
more fit for refpiration. 

Towards the end of the year fome experi^ 
ments of this kind did not anfwer fo well as they 
nad done before, and I had inftances of the re- 
iapfing of this reftored air to its former noxious 
ftate. I therefore fufpended my judgment con- 
ceining the efficacy of plants to reftore this kind 
of noxious air, till I ihould liave an opportunity 
of repeating my experiments, and giving more 
attention to them. Accordingly I refumed the 
experiments in the fummer of the year 1772, 
when I prefently had the moft indifputabS 
proof of the refhoration of putrid air by vege¬ 
tation ; and as the fad is of fome importance, 
and the fubfequent variation in the ftate of this 

kind 


Air infeSied Animal Rejpration, tSc. 89 

Jcind of air is a little remarkable, I think it ne- 
ceffarj to relate fomc of the fads pretty cir- 
cumftantially. 

The air, on which I made the firft experi¬ 
ments, was rendered exceedingly noxious by 
mice dying in it on the 20th of June. Into a 
jar nearly filled with one part of this air, I put 
a fprig of mint, while I kept another part of 
it in a phial, in the fame expofure and on the 
27th of the fame month, and not before, I 
made a trial of them, by introducing a moufe 
into a glafs veffel, containing 2 ‘ ounce mea- 
furcs filled with each kind of air ; and I noted 
the following fadts. 


Wien the vefTel was filled with the air in 
xvhich the mint had grown, a very large moule 
lived five minutes in it, before it began to ihevv 
any fign or uneafinefs. I then took it our, 
and found it to be as ftrong and vigorous as 
when it was firfl put in; whereas in that air 
which had been kept in the phial only, without 
a plant growing in it, a younger moufe con¬ 
tinued not longer than twm or three feconds, 
and was taken out quite dead. It never breathed 
after, and was mimediaLjty motionlefs. After 
half an hour, in which time the larger moufe 
(v/hich I had kept alive, that the experiment 
might be made on both the kinds of air with 
fhe ver}' fame animal) would have been fuffi-. 

^ dently 
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ciently recruited, fuppofing it to have received 
any injury by the former experiment, was put 
into the fame veffel of air; but though it was 
withdrawn again, after being in it hardly one 
fecond, it was recovered with difficulty, not 
being able to ftir from the place for near a 
minute. After two days, I put the fame moufe 
into an equal quantity of common air, and 
obferved that it continued feven minutes with¬ 
out any fign of uneafinefs; and being very 
uneafy after three minutes longer, I took it out. 
Upon the whole, I concluded that the reftored 
air wanted about one fourth of being as whole- 
fome as common air. The fame thing alfo ap¬ 
peared when I applied the tell of nitrous air. 

In the feven days, in which the mint was 
growing in this jar of noxious air, three old 
Ihoots had extended themfelves about three 
inches, and feveral new ones had made their 
appearance in the fame time. Dr. Franklin and 
Sir John Pringle happened to be with me, when 
the plant had been three or four days in this 
fete, and took notice of its vigorous vegeta¬ 
tion, and remarkably healthy appearance in 
fhat confinement. 

^ On the 30th of the fame month, a moufe 
lived fourteen minutes, breathing naturally all 
the time, and without appearing to be much 

uncafy. 
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uneafy, till the laft two minutes, in the veflel 
containing two ounce meafures and a half of air 
•which had been rendered noxious by mice 
breathing in it almoft a year before, and which 
I had found to be molt highly noxious on the 
19th of this month, a plant having grown in 
it, but not exceedingly well, thefe eleven days j 
on which account I had deferred making the 
trial fo long. The rellored air was affedted by 
a mixture of nitrous air, almoft; as much as 
common air. 

As this putrid air was thus eafily reftored to 
a conliderable degree of fitnels for refpiration,. 
by plants growing in it, I was in hopes that by 
the fame means it might in time be fo much 
more perfedtly reftored, that a candle would 
burn it it ; and for this purpofe I kept plants 
growing in the jars which contained this air till 
the middle of Auguft following, but did not 
take fulKcient care to pull out all the old and 
rotten leaves. The plants,.however, had grown, 
and looked fo well upon the whole, that I had 
no doubt but that the air muft conftantly have 
been in a mending ftate; when 1 was exceedingly 
furprized to find, on the 24th of that month, 
that though the air in one of the jars had not 
grown worfe, it was no better; and that the air 
in the other jar was fo much worfe than it had 
been, that a moufe would have died in it in a 

few 
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few feconds. It alfo made no effervefcencc 
’with nitrous air, as it had done before. 

Sufpeding that the fame plant might be 
capable of reftoring putrid air to a certain de¬ 
gree only, or that plants might have a contrary 
tendency in fome ilages of their growth, I with¬ 
drew the old plant, and put a frefla one in its 
place i and found that, after feven days, the 
air was reftored to its former wholefome ftate. 
This fact I confider as a very remarkable one, 
and well deferving of a farther inveftigation, as 
It may throw more light upon the principles of 
vegetation. It is not, however, a lingle fadt; 
for I had feverai inftances of the fame kind in 
t e preceding year; but it feemed fo very 
extraordinary, that air Ihould grow worfe by 
the continuance of the fame treatment bv which 
It had grown better, that, Avhenever lobfcrved 
jr, I concluded that I had not taken fufficient 
care to fatisfy myfelf of its previous refto- 
ration. 

_ That plants are capable of perfedtly reftorino- 
air injured by refpiration, may, I think, be in! 
ierred wnth certainty from the perfeft reftora- 
tion, by this means, of air which had paffed 
through my lungs, fa that a candle would burn 
m It again, though it had extinguifted flame 
efore, and apart of the fame original quantity 

of 
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of air ftill continued to do fo. Of this one 
inltance occurred in the year 1771, a fprig of 

mint having grown in ajar of this kind ofair, 
from the 25th of July to the 17th of Auguit 

foMowingj and another trial I made, with the 

lamefuccefs, the 7th of July 1772, the plant 
iiavmg grown in it from the 29th of June pre- 
cadihg. In this cafe alfb I found that the effedfc 
was not^owing to any virtue in the leaves of 
mint; for I kept them conftantiy chaivj-ed in 

a quantity of this kind of air, for a comlder- 

able time, without making any fenfible altera¬ 
tion in if. 


Theie proofs of a partial reforation of air 
y p.ants in a Hate of vegetation, thouo-h in a 
confined and unnatural fituation, cannot but 
render it highly probable, that the injury whirh 
IS continually done to the atmofphere by the 
refpiration of fuch a number of animals, and 
the putrefadlionoffuchmaffes of both vegetable 
and animal matter, is, in part at leaft, repaired 
by the vegetable creation. And, notwithlland- 
in^ t e prodigious iiiafs of air that is corrupted 
daily by the above-mentioned caufes ; yet, if 
weconlider the immenfcprofuuon of vegetables 
upon the face of the earth, growing ii^Iac" 
luired to their nature, and confeqnently at full 
liberty to exert all their pow'ers, both inhalino- 
and exhaling, it can hardly be thought, hut 

that 
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that it may be a fufficient counterbalance to k, 
and that the remedy is adequate to the evil. 

Dr. Franklin, who, as I have already obferv- 
cd, faw fome of my plants in a very flourilhing 
ilate, in highly noxious air, was pleafed to ex- 
prefs very great fatisfadtion with the refult of 
tlie experiments. In his anfwer to the letter in 
which I informed him of it, he fays, 

‘‘ That the vegetable creation Ihould rcflore 
“ the air which is fpoiled by the animal part of 
it, looks like a rational lyftem, and feems to 
“ be of a piece with the reft. Thus fire puri¬ 
fies water all the world over. It purifies it 
by diftillation, when it raifes it in vapours, 
“ and lets it fall in rain j and farther ftill by fil- 
“ tratioH, when, keeping it fluid, it fuffers that 
“ rain to percolate the earth. We knew be- 
fore that putrid animal fubftances were con- 
“ verted into fweet vegetables, when mixed with 
“ the earth, and applied as manure ^ and now, 
it leems, that the fame putrid fubftances, 
mixed with the air, have a fimilar effedt. 
1 he ftrong thriving ftate of your mint in pu- 
trid air feems to fhew that the air is mended 
“ by taking fomething from it, and not by ad- 
“ ding to it.” He adds, “ I hope this'will 
give fome check to the rage of deftroying 
“ trees that grow near houfes, which has 
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“ accompanied our late improvements m 
gardening, from an opinion of their beino' 
“ unwholefome. I am certain, from long ol> 
“ fervation, that there is nothing unhealthy in 
the air of woods 5 for we Americans have 
every where our country habitations in the 
midft of woods, and no people on earth en¬ 
joy better health, or are more prolific.^’ 


Having rendered inSammable air perfedly in¬ 
noxious by continued agitation in a tromh of 
water deprived of its air, I-concluded that 
other kinds of noxious air might be reftored by 
the fame means ; and I prefently found that this 
was the cafe with putrid air, even of more than 
a year s ftanding. I lhall obferve once for all 
that this procefs has never failed to reftore any 
kind of noxious air on which I have tried it 
viz._ air injhired by refpiration or putrefadion’ 
air infeded with the fumes of burning char¬ 
coal, and of calcined metals, air in w°hich a 
mixture of iron filings and brimftone, that in 
which paint made of white lead and oil has- 
ftood, or air which has been diminillied by a 
mixture of nitrous air. Of the remarkable ef- 
fed which this procefs has on nitrous air itfelf 
an account will be given in its proper place. * 


^ If this procefs be made in water deprived of 
air, either by the air-pump, by boiling, or by dif- 

tiliation. 
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tillation, or if frefli rain-water be ufed, the air 
will always be diminilhed by the agitation ; and 
this is certainly the faireft method of making 
the experiment. If the water be frefn pump- 
water, there will always be an increafe of the 
air by agitation, the air contained in the water 
being fet loofe, and joining that which is in the 
jar. In this cafe, alfo, the air has never failed 
to be reftored; but then it might be fulpeftcd 
that the melioration was produced by the addi¬ 
tion of lome more wholefome ingredient. As 
thele agitations were made in jars with wide 
mouths, and in a trough which had a large fur- 
face expOicd to tne common air, I take it for 
gianred that tne noxio.us eilluvia, v/hatever they 
be, were firft imbibed by the water, and there¬ 
by tranfmirted to the common atmofphere. In 
fome cafes this was fufficiently indicated by the 
difagreeable fmeil which attended the opera¬ 
tion. 

^After I had made tliefe experiments, I was 
informed that an ingenious phyfician and philo- 
fopher had kept a fowl alive tiventy-four hours, 
in a quantity of air in which anothcn-fowl of the 
lame fiz., had not been able to live longer than 
an hour, by contriving to make the air, which 
It breathed, pafs through no very large quan¬ 
tity of acidulated water, the furface of which 
was notexpofed to the common air j and that 


even 
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even when the water was net acidulated, tiie 
fowl lived much longer than it could hav^e done^ 
it the air which it breathed had not been drawn 
through the water. 


As I Ihould not have concluded that this ex- 
peiiment would have fucceeded fo well, from 
any obfervations that I had made upon the fub- 
jedt, I took a quantity of air in which mice had 
died, and agitated it very ftrongly, firlt in 

about five times its own quantity of dilUiled 
water, in the manner in which 1 had impreg¬ 
nated water with fixed air j but though the 
operation was continued a long time, it made 
no lenfible change in the properties of the air. 
i alio repeated the operation with pump-water, 
but «th as little effea. I„ this cafe, however’ 
ttough the air was agitated in a phial, which 
had a narrow neck, the furface of the water in 
the Dafon was confiderably large, and expofed 
0 he common atmofphcre, which mull: have 
tended a little to favour the experiment. 

of thefe different methods of agitating air, J 

ransfened the very noxious air, which I had 

not been able to amend in the leaft decTec by 

into an open jar, landing 

it till fw^ '/^ i^ad agitated 
itwas dimmilhed about one third, I found 

it 
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it to be better than air in which candles hat}' 
burned out, as appeared by the teft of the ni¬ 
trous air •, and a moufc Ih’ed in 2} ounce mea- 
lures of it a quarter of an hour, and was no'! 
fenfibly affedled the firll: ten or twelve minutes. 

In order to determine whether the addition of 
any ticid to the water, would make it more ca¬ 
pable of reftoring putrid air, I agitated a quan¬ 
tity of it in a phial containing very Itrong vi¬ 
negar 5 and after that in aquafortis, only half 
diluted -vvith water 5 but by neither of thefe 
procefles was the air at all mended, though the 
agitation was repeated, at intervals, during a 
whole day, and it was moreover allowed to 
Hand in that fituation all night. 

Since, however, water in thefe experiments' 
mull have imbibed and retained a certain por¬ 
tion of the noxious effluvia, before they could' 
be tranfmitted to the external air, I do not think 
it improbable but that the agitation of the fes 
and large lakes may be of fome ufe for the pu¬ 
rification of the atmofphere, and the putrid 
matter contained in water may be imbibed by 
aquatic plants, or be depofited in fome other 
manner. 

Having found, by feveral experiments above-' 
mentioned, that the proper putrid effluviun>' 

id 
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h fomsthing quite diftina from fixed air, and 
finding, by the experiments of Dr. Macbride, 
that fixed air correds putrefaftion ; it occured 
to me, that fixed air, and air tainted with puo 
trd-adtion, though equally noxious when fepa- 
rate, might make a u’hclefome mixture, the 
one corredling the other; and I was confirmed 
tn this opinion by, I believe, not lefs than fifty 
oi fixty hillances, in which air, that had been 
made in the highell; degree noxious, byrefpira- 
tion or putrefaction, was fo far fweetened, by 
a mixture of about four times as much fixed 
air, that afterwards mice lived in it exceedingly 
well, and in feme cafes almofl: as long as in 
common air. I found it, indeed, to be more 
difiucult to reftorc old putrid air by this means; 
but I hardly ever failed to do it, when the two 
kinds of air had flood a long time together ;■ by 
which I mean about a fortnight or three weeks. 

The leafon why I do not abfolutely conclude 
that the refloratlon of air in thefe cafes was the 
effect of fixed air, is that, when I made a trial 
of the mixture, I fbmetimes agitated the two 
kinds of air pretty flrongly together, in a 
trough of water, or at leaft pafed it leveral 
times through water, from one jar to ano¬ 
ther, that tlie fuperfiuous fixed air might be 
abforbed, not fufpeaing at that time that the 
Citation could have any other effed.'. But 
M 2 having 
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having fince found that very violent, and efpe-*- 
cially long-continued agitation in water, without 
any mixture of fixed air, never failed to render 
any kind of noxious air in fomc meafure fir for 
refpiration (and in one particular inllance the 
mere transferring of the air from one veffcl to 
another through the water, though for a much 
longer tune than I ever ufed for the mixtures 
of air, w'as of confiderable ufe for the fame 
purpofe) I began to entertain feme doubt of 
the efficacy of fixed air in this cafe. In fome 
cafes alfo the mixture of fixed air had by no 
means fo much effect on the putrid air as, 
arom the generallry of my obfervations, I 
jhoiud have expstled. 

I was always aware, indeed, that it might be 
laid, that, the refiduum of fixed air not'beino- 
very noxious, fuch an addition inuft contribute 
to mend the putrid air; but, in order to obvi¬ 
ate this objedlion, I once mixed the refiduum 
of as much fixed air as I had found, by a va¬ 
riety of trials, to be fufficient to reftore a given 
quantity of putrid air, with an equal quantity 
oi that air, without making any ienfible me¬ 
lioration of it. 

Upon the whole, I am inclined to think that 
this procefs^ could hardly have fucceeded fo- 
well as It did with me, and in fo great a num- 
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oei of trials, nnlefs fixed air have fome ten» 
dency to correct air tainted with refifiration or 
putrefaction; and it is perfediv agreeable to 
the analogy of Dr. Macbride’s difcoveries, and 
may naturaily be expcded from them, that it 
fhould have fuch an eiicd. 


By a mixture of fixed air I have made 
whmclomc the refiduum of air generated by 
jmtrefadion only, from mice plunged in v/ater. 
I'his, one would imagine, d />rim, to be the 
moft noxious of all kinds of air. For if com¬ 
mon air only tainted with putrefaCticn be 
30 deadly,^ much more might one exped- that 
an .o bi. lo, Vvkich was generated from putre- 
facuon only; but it feerns to be nothinp- more 
than common air (or at leaft that kind o^f fixed 
an \viich is not abforbed by water) tainted 
xvith putrefadlon, and therefore requires no 
other procefs to fweeten it. In this cafe, how¬ 
ever, we feem to have an infcance of the .vene¬ 
ration of genuine common air, though rnixed 
with lomething that is foreign to it. Perhaps 
die reliduum of fixed air may be another in- 
itance of the fame nature, and alfo the refiduum 
of inflammable air, and of nitrous air, efpeci- 
ally nitrous air loaded witli phlogifton, after 
long agitation in water. 


H 
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Fixed air is equally diffufed through the 
■wholemafsof any quantkjr of putrid air with 
which it is inked ; for dividing the mixture in- 
• to two equal parts, they were reduced in the 
fame proportion by palSng through water. But 
this is aifo the cafe with feme of the kinds of 
sir which will nor incorporate, as inflammable 
atr, and air hi which brimftonc has burned. 

If feed air tend to corredt air which has 
been injured by animal refpiration or putre- 
Ii!r,( li’ns, which difchaige great quan¬ 
ta ties ol feed air, may be who.hfome in the 
neighbourhood of populous cities, the atmo- 
Iphere of which mufi; abound with putrid ef¬ 
fluvia. I ihould think aifo that phyiicianis 
might avail tlierhfelves ox the apiplicarion of 
fixed flit in ttiany putrid dilbiders, efpecially 
as it may be fo eafiiy adminiftered by way of 
dyjh\ where it wouid often find its w'ay to 
much of the putrid matter. Nothing is to be 
apprehended from the diftention of the bowels 
by diis hind of air, fince it is fo readily ab^ 
dor bed bp any fluid or moill: fublhiice. 

Since fixed air is not noxious per /c, but, 
like fire, only in excefs, I do not think it at all 
hasardens to attempt to hrecthe it, it is how;- 
ecer eafiiy conveyed into the f.omach, in na- 
i! or artifichl Pynnont water, in brifldy" 
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fermenting liquors, or a vegetable diet. It is 
.even poffible, that a confiderable quantity 
of fi?red air might be imbibed by the ab- 
forbmg vcflels of the fkin, if the whole body, 
except the head, fliould be fufpcnded over a 
vefTel of ^ ftrongly-fermenting liquor ; and in 
fome putrid diforders this treatment might be 
very falutary. If the body was expoied quite 
naked, there would be very little danger from 
the cold m this fituation, and the air haying 
ii eer accefs to the Ikin might produce a greater 
effed. Being no phyfician, 1 run no rifle by 
throwing out thefe random, and perhaps whim- 
fical propofals.^ 

Having communicated my obfervations oa 
fixed air, and efpcciaily my fcheme of applying 
It by way of chjler in putrid diforders, to 
Hey, an ingenious furgeon in Leeds a cafe 
prefently occurred, in which he had an op¬ 
portunity of giving it a trial; and mentioning 
It to Dr. Hird and Dr. Crowtlier, two phyf> 
cians who attended-the patient, they approved 
the fcheme, and it was put in execution ; both 
by applying the fixed air by way of clyfler, 
and at the fame time making the patient drink 
plentifully of liquors ftrongly impregnated with 

* Some time after thefe papers were Srft printed, I was 
pleafed, to find the lame propofal in Dr. Alexander’i Expe¬ 
rimental EJfays. 

H4 it. 
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it. The event was fuch^, that I requefted Mr^ 
Hey to drawup a particular account of the cafe 
defcnbing the xvhole of the treatment, that the 
public might be fatisfied that this new appli¬ 
cation of fixed air is perfedtiy fafe, and alfo, 
have an opportunity of judging how far it had 
the elFcdl which I expedled from it; and as the 
application is neiv, and not unpromifing, Ifhall 
Subjoin his letter to me on the fubied, by way 
of Appendix to thefe papers. 

When I began my inquires into the pro¬ 
perties of different kinds of air, I engaged my 
friend Dr, Peicival to attend to tne medicinal 
ufes of them, being fenfibie that his knowledge 
of nhilofophy as w-ell as of medicine would give 
him a fingular advantage for this pur^ofe. 
The refult of his obfervations I lhall alfo in- 
fere in the Appendix. 


SECT- 
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SECTION V. 

Of Air in which a mixliire of Brimstone end 
Filings i^Iron has flood, 

\ 

Reading in Dr. Hales’s account of his ex¬ 
periments, that there was a great diminutuniof 
the quantity of air in i\hich a mixture of pow¬ 
dered brimfione and filings of iron., made into 
a pajte with water, had flood, I repeatetl the 
experiment, and found the diminution grcatFir 
than I had expedled. This diminution of air 
is made as elfeclually, and as expeditioufl}’', 
in quickfilver as in water ; and It may be mea- 
fured with the greateft accuracy, bccaufe there 
is neither any previous expaniion or incrcafe of 
the quantity ot air, and becaufe it is fomc time 
befoie this piocels begins to have any lenllblc 
eflL(£l. This diminution of air is various j but 
I have gcneially found it to be between one 
fifth and one fourth of the whole. 

Air^ thus diminllhed is not heavier, but ra^ 
thei lighter than common air j and though 
lime-water does not become turbid when it "is 
expofed to this air, it is probably owing to the 
formation of a felenitic fait, as was the cafe 
with the fiinple burning of brimftone above¬ 


men- 



mentioned. That fomething proceeding from 
cne bnmftone ftrongly affeas the water which 
IS confined in the fame place with this mixture,* 
IS manifefl: from the very ftrongfmeli that it has 
of the volatile fpirit of vitriol. 

I conclude that the diminution of air by this 
proccfs is of the fame kind with the diminution 
or It in the other cafes, becaufe when this mix¬ 
ture is put into air which has been previoufly di- 
mmifiiedj either by the burning of candies, by 
refpiration,^ or pptrefadion, though it never, 
fails to diminifli it fomething more, it is, how¬ 
ever, no farther than this procefs alone would 
have done it. If a frelh mixture be introduced 
mto a quantity of air which had been reduced 
by a former mixture, it has little or no farther 
effear. 


I once obferved, that when a mixture of this 

h.? i which it 

had flood for Several days, it was quite cold 

ohrp becomes in a confined 

P .ce, blit It prefently grew very hot, fmoak- 

a-j and fmelled very offenfively; 

and when it wa, brown, like 4 

|uit or iron. 
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I once put a mixture of this kind to a quan¬ 
tity of inflammable air, made from iron, by 
which means it was diminifhed f or in its 
bulk ; but, as far as I could judge, it was 
ftill as inflammable as ever. Another quan¬ 
tity of inflammable air was alfo reduced in the 
fame proportion, by a mouf; putrefying in 
it; but its inflammability w'^as not feemingly 
ielfened. 

Air dlminilhed by this mixture of iron filings 
and brimftone, is exceedingly noxious to ani¬ 
mals, and I have not perceived that it grows 
any better by keeping in water. The fmeli of 
it is very pungent and offenfive. 

The quantity of this mlxaire which I made 
ule of in the preceding experiments, was from 
two to four ounce ineafures ; but I did not 
perceive, but that the diminution of the quan¬ 
tity of air (which was generally about tv/enty 
ounce meafures) was as great v/ith the fraalleft, 
as with the larged quantity. How final! a 
quantity is neceflary to diminifli a given quan 
tity of air to a maximum, I have made no expC” 
riraents to afeertain, 

As foon as this mixture of iron filings with 
brimdone and water, begins to ferment, it alfo 
turns black, and begins to fwell, and it con¬ 
tinues 
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tinues to do fo, till it occupies twice as much 
fpace as it did at nrft. The force with which 
it expands is great; but how great it is I have 
not endeavoured to determine. 

"W^hen this mixture is immerfed in water, it 
generates no air, thoogh it beqomes black, and 
fwells. 


SECTION vr. 

Of niTRous Air. 

Ever fince I lirft read Dr. Hales’s mofl: ex¬ 
cellent Statical EJfays, I was particularly ftruck 
With that experiment of his, of which an ac¬ 
count is given, Vol. L p. 224. and Vol. II. 
p. 280. m which common air, and air ,vene¬ 
rated from the Walton pyrites, by fpirtt of 
nitre, made a turbid red mixture, and in which 
part of the common air was abforbed ; but I 
ne ver cxpedlcd to have the fatistadlion of feeing 
tins remarkable appearance, fuppofing it to be 
peculiar to that particular mineral. Happen, 
ing to mention this fubjeft to the Hon. Mr. 
Cavendifh, when I was in London, in the 
ipnng of the year 1772, he faid that he did 
not imagine but that other kinds of pyrites, 
or the metals might anfwer as tvell, and that 

pro- 
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probably the red appearance of the mixture 
depended upon the fpirit of nitre only. This 
encouraged me to attend to the fubjeft; and 
having no pyrites, I began with the folution of 
the diiferent metals in fpirit of nitre, and catch¬ 
ing the air which was generated in the folution, 
I prefentlj found what I w'-anted, and a good 
deal more. 

Beginning with the folution of brafs, on the 
4th of June 1772, I firft found this remark¬ 
able fpecies of air, only one effefl: of which, 
W'as cafually obferved by Dr. Hales ; and he 
gave fo little attention to it, and it has been 
fo much unnoticed fince his time, that, as 
far as I know, no name has been given to it. 

I therefore found myfclf, contrary to my fiiil: 
refoludon, under an abfolute necefijty of giv¬ 
ing a name to this kind of air myfelf. When 
I fird; began to fpeak and write of it to 
my friends, I happened to clifbinguilh it by 
the name of nitrous air, becaufe I had pro¬ 
cured it by means of fpirit of nitre onl} ; and 
though I cannot fay that I altogether like the 
term, neither mylelf nor any of my friends, 
to whom I have applied for the purpofe, have 
been able to hit upon a btrter ; fo that I 
am obliged, after all, to content myfelf 
with* it.- 


I have' 
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I have found that this kind of air is readily 
jtrocured trom iron, copper, brafs, tin, filver, 
<juickfilver, bifmuth,' and nickel, by the ni¬ 
trous acid only, and from gold and the regulus 
of antimony by aqm regia. The circum- 
flances attending the folution of each of thefe 
metals are various, but hardly worth mentior- 
ing, in treating of the properties of the as 
which they yield ; which, from what metal fo- 
ever it is extradted, has, as far as I have been 
able to obferve, the very fame properties. 

One of the moft confpicuous properties of 
this kind of air is the great diminution of any 
quantity of common air with which it is mix¬ 
ed, attended with a turbid red, or deep orange 
colour, and a confiderable heat. The fmeli 
of it, alfo, is very ftrong, and remarkable, 
but very much referabling that of fmoking fpi- 
rit of nitre,' 

The diminution of a mixture of this and 
common air is not an equal diminution of both 
the kinds, which is ail that Dr. Kales could' 
obferve, but of about one fifth of the com- 
mqn air, and as much of the nitrous air as is 
neceflary to produce that effeft ; which, as 1 
have found by many trials, is about one half 
as much as the original quantity of common air. 
Oi if one meafure of nitrous air be put to two' 

ihea-' 
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riieafures of common air, in a few minutes 
(by which time the effervefcence will be over, 
and the mixttire w’ill have recovered its tranf- 
parency) there whil want about one ninth of 
the original two meafures ; and if both the 
kinds of air be very pure, the diminution will 
ftill go on flowly, till in a day or two, the 
whole will be reciuccd to one fifth lefs than the 
original quaiuiry of common air. This farther 
diminution, by long handing, I had not obferv- 
cd at the time of the firfc publication of thefe 
papers. 

I hardly know any experiment that is more 
adapted to amaze and furprize than this is, 
which exhibits a quantity of air, which, as it 
were, devours a quantity of another kind of 
air half as large as itfclf, and yet is fo far from 
gaining any addition to its bulk, that it is con- 
fiderably diminilhed by it. If, after this full 
faturation of common air with nitrous air, more 
nitrous air be put to it, it makes an addition 
equal to Its own bulk, without producing the 
leaft rednefs, or any other vifible effea. 

If the fmalleft quantity of common air be 
put to any larger quantity of nitrous air, 
though the two together will not occupy fo 
much fpace as they did feparately, yet the 
<!5^uantity will ftill be larger than that of the 
Citrous air only. One ounce meafure of com¬ 


mon 
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inon air being put to near twenty ounce nua- 
furcs ot nitrous air, made an addition to it of 
about half an ounce mcafurc. This being a 
much greater proportiun than the diminution 
of common air, in the former experiment, 
2 )roves that part of the diminr.t' • in the 
former cale is in, the nitrons air. Ijclidcs, it 
3vill prcfcntly a,'_,e-:-, that nitrous air is fubje-a 
to a inuit rcraarhabie v'.jminution; and as com¬ 
mon air, in a variety of other cafes, fuffers a 
diminution from one €frh to one fourth, I 
■conclude, that in this cafe aifo it does not 
exceed that proportion, and tiiercforc rhat the 
remainder oi the diminution rclpect.s the ni^ 
itruLis air. 

In order to judge whether the contri- 
buted to the diminution of this mixtuic of ni¬ 
trous and common air, I made the whole pro- 
cefs fcvcral times in (juickfilver, tiling one third 
ot nitrous, and two thirds of common air, as 
before. In this cafe the rednefs continued a 
very long time, and the diminution was not fo 
great as when the mixtures iuid been made in 
tvater, there remaining one feventh more than 
the original (.j^uantity of common air. 


This mixture flood all night upon the quick- 
filver; and the next morning I obferved that it 
was no farther diminillied upon the admiffion 

©f 
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cf water to it, nor by pouring it feveral times 
through the water, and letting it ftand in water 
two da) s. 

Another mixture, which had Hood about fix 
hours on the quickfilver, was diminilhed a little 
more upon the admiflion of water, but was never 
lefs than the original quantity of common air. 
In another cafe however. In which the mixture 
had ilood but a very fhort time in quickfilver, the 
faither diminution, which took place upon the 
admiffion of water, was much more confider- 
ablc ; fo that the diminution, upon the whole, 
was very nearly as great as if the procefs had 
been Intircly in water. 

It is evident from thefe experiments, that 
the oiminution is in part owing to the ab- 
forption by the v/atcr ; but that when the 
mixture is kept a long time, in a fituation in 
which there is no water to abforb any part of 
It, It acquires a conftitution, by which it is 
afterwards incapable of being abforbed by 
water,^or rather, there is an addition to the quan¬ 
tity of air by nitrous air produced by the folu- 
tion of the.quickfilv'er. 

It will be feen, in the fecond part of this 
•work, that,^ m the decompofition of nitrous 
an by its mixture with common air, there is 

^ nothing 
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nothing at hand when the procefs is made in' 
quickfilver, with which the acid that entered 
into its compolition can readily unite. 

In order to determine whether the fixed part 
of common air was depofited in the diminution- 
of it by nitrous air, 1 inclofed a veffel full of 
lime-water in the jar in which the procefs was 
^ made, but it occafioned no precipitation of the 
lime; and v/hen the velTel was taken out, after 
it had been in that fituation a whole day, the 
lime was eafily precipitated by breathing into 
k as ufual. 

But though the precipitation of the lime 
was not fenfible in this method of making the 
experiment, it is fufficiendy fo when the whole 
procefs is made in lime-water, as will be feen 
in the fecond part of this work; fo that we 
have here another evidence of the depofition 
of fixed air from common air. I have made 
no alteration, however, in the preceding para¬ 
graph, becaufe it may not be unufeful, as 
caution to future experimenters. 

It is exceedingly remarkable that this effer- 
vefcence and diminution, occafioned by the 
mixture of nitrous air,' is peculiar to common 
air, or air fit for refpiration ; and, as far as I' 
can judge, from a great number of obferva- 

tionsy 
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tions, is at leaft very nearly, if not exaftly,’ 
' in proportion to its fitnefs for this purpofe; fo 
that by this means the goodnefs of air may be 
diftinguillred much more accurately than it can 
be done by putting mice, or any other animals^ 
to breathe in it. 

This was a moft agreeable difcovery to mca 
as I hope it may be an ufeful one to the pub¬ 
lic ; efpecially as, from this time, I had no oc- 
cafion for fo large a ftock of mice as I had 
been ufed to keep for the purpofe of thefe ex¬ 
periments, ufing' them only in thofe which re¬ 
quired to be very dccifive - and in thefe cafes I 
have feldom failed to know beforehand in what 
manner they would be aiFeded. 

It is alfo remarkable that, on whatever ac¬ 
count air is unfit for refpiration, this fame teft 
is equally applicable. Thus there is not the 
leaft effei velcence between nitrous and fixed air, 
or inflammable air, or any fpccies of diininifh- 
Cd air. Alfo the degree of diminution being 
from nothing at all to more than one third 
of the whole of any quantity of air, w'e are,' 
by this means, in pofleflion of a prodigioufly 
largeby w'hich we may diftinguifh very 
fmall degrees of difference in the goodnefs of air. 

I have not attended much to this circum- 
ibmce, having ufed this feft chiefly for greater 
I 2 ” dif-‘ 
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differences; but, if I did not deceive myfelf, 
I have perceived a real difference in the air of 
my ftudy, after a few perfons have been with 
me in it, and the air on the cutfide of the houfe. 
Alfo a phial of air having been fent me, from 
the neighbourhood of York, it appeared not to 
be fo good as the air near Leeds; that is, it was 
not diminifhed fo much by' an equal mixture of 
'nitrous air, every other circumftance being as 
nearly the fame as I could contrive. It may 
■perhaps be poffible, but I have not yet attempted 
It, to difdnguifii fome of the different winds, 
or the air of different times of the year, &c. &c. 
by this teft. 

By' means of this reft I was able to determine 
%.'hac I was before in doubt about, viz. the hind 
as well as the degree of injury done to air by 
candles burning in it. I could not tell with 
certainty, by means of mice, whether it was at 
all injured with refpedi; to refpiration ; and yet 
if nitrous air may be depended upon for fur- 
nifiiing an accurate teft, it muft be rather more 
than one third worfe than common air, anti 
have been diminifoed by the fame general caufc 
of the other diminutions of air. For when, 
after many trials, I put one meafure of tho¬ 
roughly putrid and highly noxious air, into the 
fame veffel with two meafures of good whole- 
forae air, and into another veffel an equal quan¬ 
tity. 
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tity', vh. three meafjres of air in which a 
candle had burned cut; and then put equal 
quantities of nitrous air to each of them, the 
latter was diminifhed rather more than the 
former. 

It agrees with this obfervation, that hurned 
air is farther diminiflied botJi by putrcfadlion, 
and a mixture of iron filings and brimflone j 
and [ theretore take it for granted by every 
other caufe of the diminution of air. It is 
probable, therefore, that burned air is air fb far 
loaded with phlogifton, as to be able to extin- 
guifh a candle, which it may do long before it 
is fully iaturated. 

Inflammable air with a mixture of nitrous air 
burns with a green flame. This makes a very 
pleafing expi^riment when it is properly con- 
dufted. As, for fome time, I chiefly made ufe 
of copper for the generation of nitrous air, I firfl: 
afenbed this circumftance to that property of 
t us metal, by which it burns with a nreen 
flame ; but I was prefently fatisfied thatit'muft 
anfe from the fpirit of nitre, for the effea is 
tne very fame from tvhich ever of the metals 
the nitrous air is extrafted, all of which I tried 
lor thispurpofe, even ftlvcr and ^old 
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A mixture of oil of vitriol and fpirit of nitre 
in equal proportions diflblved iron, and the 
produce was nitrous air; but a lefs degree of 
fpirit of nitre in the mixture produced air that 
was inflammable, and which burned wdth a 
green flame. It alfo tinged common air a little 
red, and diminilhed it, though not much. 

The diminution of common air by a mixture 
of nitrous air, is not fo extraordinary as the 
diminution which nitrous air itfelf is fubjedT: to 
from a mixture of iron filings and brimllone, 
made into a pafle with water. This mixture, 
as I have already obferved, diminilhes common 
air between one fifth and one fourth, but has 
no fuch efFedt upon any kind of air that has 
been diminiflied, and rendered noxious by any 
other procefs ; but when it is put to a quantity 
of nitrous air, it diminiflies it fo much, that no 
more than one fourth of the original quantity 
will be left. 

The efFeft of this procefs is generally per¬ 
ceived in five or fix hours, about w^hich time 
the vifibie effervefence of the mixture begins; 
and in a very Ihort time it advances fo rapidly, 
that in about an hour almofl; the whole efFedt 
will have taken place. If it be fuflered to 
Aland a day or two longer, the air will flrill be 
diidniflied farther, but only a very little farther, - 

in 
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in proportion to the firll diminution. Theelafs 
jar, m whkh the air and this mixture have been 
confined, 'has generally been fomuch heated in 
t IS piocefs, that I have not been able to touch it. 

Nitrous air thus diminifiied has not fo ftrono- 
a fmell as nitrous airitfelf, but fmells juft like 
common air in which the W mixture has 
Itood; and It IS not capable of being diminiftied 

hrLtac!" of i- and 

no farther Am,„,fted by this mixture of iron 
fil ngs and bnmftone, though the mixture fZ 

in k * ™ ™oh 

Plants die very foon, both in nitrous air and 
alfo m common air faturated with nitrous air 
but efpeaally in the former. ’ 

00^ common air fa- 
taTOd wi* nitrons air, differ in fpecific gravity 

IS lo fmall that I could not be fure there 

^ as any ; fometimes about three pints of it 

feemmg to be about half a grain heL“t and 

a other times as much lighter than m ’ 
air. ■‘^oULcr cnan common 

I A 


Having 




120 


Olfervaiions on 


Having, among other kinds of air, expofed 
a quantity of nitrous air to water Out of which 
the air had been well boiled, in the .experiment 
to which I have more than once referred (as 
having been the occafion of feverai new and 
important obfervations) I found that of the 
whole was abforbed. Perceiving, to my great 
llirprize, that fo very great a proportion ot this 
kind of air was mifcible with water, I imme¬ 
diately began to agitate a confiderable quantity 
of it, in ajar Handing in a trough of the fame 
kind of water ; and, with about four times as 
much agitation as fixed air requires, it was lb 
far abforbed by the water, that only about one 
filth remained. This remainder exilnguifl'ied 
flame, and was noxious to animals. 

Afterwards I oiniiniflied a pretty large quan¬ 
tity of nitrous air to one eighth of its original 
bulk, and the remainder flill retained much of 
its peculiar fmeil, and diminifhed common air 
a little. A moufe alfo died in it, but not fo 
fuddenlyas it would have done in pure nitrous 
air. In this operation the peculiar fmell of 
nitrous air is very manifcll, the water being 
firft impregnated with the air, and then tranf- 
mitting it to the common atmofphere. 

This experiment gave me the hint of im¬ 
pregnating water with nitrous air, in the man¬ 
ner 
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ner in which I had before done it with fixed air; 
and I prefenriy found that difiilled water would 
imbibe about one tenth of its bulk of this kind 
of air, and that it acquired a remarkably acid 
and afiringent taiie fioni it. The fmell of 
water thus impregnated is at firft peculiarly 
pungent. I did not chufe to fvvallow any of it, 
though, for any thing that I know, it may be 
perfedlly innocent, and perhaps, in Ibme cafes, 
falutary. 

This kind of air is retained very obfirinately 
by water. In an exhaufted receiver a quantity 
ot water thus faturated emitted a whitilli fume, 
fuch as fomctimes ilTues from bubbles of this air 
tyhen it is firft generated, and alfo fome,au> 
bubbles; but though it was funered to'ftand 
a long time in this fituation, it ftill retained its 
peculiar tafte; but when it had flood all night 
pretty near the fire, the water v/as become quite 
vapid, and had dcpofiteda filmy kind of mat¬ 
ter, of which I had often coliefled a confider- 
able quantity from the trough in which jars 
containing this air had flood. This I fuppofe 
to be a precipitate of the metal, by the folution 
of which the nitrous air was generated. I have 
not given fo much attention to it as to know, 
with certainty, in what circumftances this ife- 
pojit is made, any more than I do the matter 
depofited from inflammable air above-mention¬ 
ed; 
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ed ; for i cannot get it, at lead in any cok- 
fiderable quantity, when I pleafe; whereas I 
have often found abundance of it, when I did 
not expedt it at all. 

The nitrous air with v/hich I made the firft 
impregnation of water was extradled from cop¬ 
per; but when I made the impregnation with 
air from quickfilver, the water had the very 
fame tafte, though the matter depofited from it 
feemed to be of a different kind; for it was 
whitifh, whereas the other had ayellowifh tinge. 
Except the firft qrantity of this impregnated 
water, 1 could never deprive any more that I 
made of its peculiar tafte. I have even let Ibme 
of it ftand more than a week, in phials with their 
mouths open, andfometimes very near the fire, 
\vithout producing any alteration in it *. 

Whether any of the fpirir of nitre contained 
in the nitrous air be mixed with the water in 
this operation, I have not yet endeavoured to 
■determine. This, however, may probably 
be the cafe, as the fpirit of nitre is, in a con- 
fiderable degree, volatile -f-. 

It 

* 1 have £[nce found, that nitrous air has never failed 
toefcape from the water, which has been impregnated with 
it, by long (spoTiire to the open air. 

f This fufpicion has been confirmed by the ingenious 
Bewlsv? ofi Oieat IN'lafilngharo in t'Torfoiltj who has'dii- 

covered 
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It will perhaps be thought, that the moft 
ufeful, if not the moft remarkable, of all the 
properties of this extraordinary kind of air, is 
its power of preferving animal fubftances from 
putrefadtion, and of reftoring thofe that are 
alreadyputrid, which itpofleftes in a far greater 
degree than fixed air. My firft obfervation of 
this was altogether cafual. Having found ni¬ 
trous air to fuffer fo great a diminution as I 
have" already mentioned by a mixture of iron, 
filings and brimftone, I was willing to try whe¬ 
ther it would be equally diminilhed by other 
caufes of the diminution of common air, efpe- 
cially by putrefaclion ; and for this purpofe I 
put a dead nioule into a quantity of it, and 
placed it near the fire, where the tendency to 
putrefadlion was very great. In this cafe there 
was aconfiderable diminution, viz. from 5-^ to 
3;; but not fo great as I had expedled, *the 
antifeptic powder of the nitrous air having 
checked the tendency to putrefadtion j for 
when, after a week, I took the moufe out, I 

covered that the acid tafte of this water is not the neceiTary 
confequence of its impregnation with nitrous air, but is 
the efFed: of the acid ’vapour, into which part of this air 
is refolved, when it is decompofed by a mixture with coin- 
inon air. This, it will be feen, exaflly agrees with my 
own obfervation on the conllitution of nitrous air, in the 
iecond part of this work, A more particular account of 
Mr. Beiivley’s obfervation will be given in the Appendix. 

perceived. 
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perceive:!, to my very great furprlze, that k 
had no oltcnfive iinelL 

Upon this I took two other mice, one of 
them jufc killed, and the other foft and putrid, 
and put them both into the fame jar of nitrous 
air, ftanding in the ufual temperature of the 
■K'eather, in the months of Jul_y and Anguft of 
1772'; and after twenty-five days, having ob- 
ferved that there was littie or nO change in the 
quantity of the air, I took the mice out; and, 
examining them, found tirem both perfectly 
Iwcet, even when cut through in feveral places. 
I hat which had been put into the air when juft 
dead was quite ni'in ; and the fiefii of the other, 
which had been putrid and foft, was ftill foft, 
hut perfectly fweet. 

In order to compare the antifeptic power of 
this kind of air with that of fixed air, I exa¬ 
mined a moufe which I had inclofed in a phial, 
full of fixed air, as pure as I could make it, 
a'td which I !iad corked very clofe ; but iq on 
opening thispiual in water about a month after, 
I i’crceived that a large quantity of putrid efflu¬ 
vium had been tycnerared for it ruffled with vio- 
lonceout of the phial; and the fmell that came 
from it, the moment the cork was taken out, 
was infufFerably offenfive. Indeed Dr. Macbride 
iajs, that hg could only reftore very thin pieces 
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of putrid flefli by means of fixed air. Perhaps 
the antifeptic power of ihefe kinds of air may¬ 
be in proportion to their acidity. 

If a little pains were taken with this fubjedfc,, 
this remarkable antifeptic power of nitrous air 
might polTibly be applied to various ufes, per¬ 
haps to the prefervation of the more delicate 
birds, fillres, fruits, Sec. mixing it in different 
proportions v ith common or fixed air. Of this 
property of nitrous air anatomifts may perhaps 
avail themfelves, as animai fubftances may by 
this means be preferved in their natural fufc 
Hate ; but how long it will anfwer for this pur- 
pofe, experience only can fhew. 

I calcined lead and tin in the manner hereafter 
deferibed in a quantity of nitrous air, but with 
very little ienfible effedt j which rather furprized 
me ; as, from the refuit of the experiment v ith 
the iron filings and brimftone, I had expected 
a very great diminution of the nitrous air by 
this procefs ; the mixture of iron filings and 
brimftone, and the calcination of metals, having 
the fame eftedl upon common air, both of them 
aiminifiimg it in nearly the fame proportion. 
But though I made the metals fume copioufly 
in nitrous air, there might be no real calcination, 
the phlogifton not being ieparated, and the pro¬ 
per calcination prevented by there bejng no fixed 

air. 
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air, which is necelTary to the formation of the 
calx, to unite with it. 

Nitrous air is procured from all the proper 
metals by fpirit of nitre, except lead, and froirf 
all the femi-metals that I have tried, except 
zinc. For this purpofe I have ufcd bifmuth" 
and nickel, with fpirit of nitre only, and regu- 
lus of antimony and pktina,- with a^ua regia. 

I got little or no air from lead by fpirit of 
Aitre, and have not yet made any experiments' 
to afeertain the nature of this folution. With 
zinc I have taken a little pains. 

Four penny-weights and feventeeh grains of 
zinc diffolved in fpirit of nitre, to which as 
much water was added, yielded about twelve 
ounce meafures of air, which had, in fome de¬ 
gree, the properties of nitrous air, making a 
flight effervefcence with common air, and di- 
minifliingic about aS much as nitrous air, which 
had been itfelf diminifhed one half by walhing 
in water. The fmell of them both was alfo the 
fame ; fo that I concluded it to be the fame 
thing, that part of the nitrous air, which is im¬ 
bibed by water, being' retained in this folution; 

In order to dlfcover whether this was the cafe, 
F made the folution boil in a fand-heat. Some 
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air came from it in' this ftate, which feenied to 
be the fame thing, with nitrous air diminifhed 
about one fixth, or one eighth, by wafhing in 
water. When the fluid part was evaporated,- 
there remained a brown fixed fuhftance, which- 
was obferved by Mr. Hellot, who defcribes it, 
Ac. Par. 1735, M. p.- 35. A part of this I 
threw into a fmali red-hot crucible j and cover¬ 
ing it immediately with a receiver, Handing in 
water, I oblerved that very denfe red fumes 
rofe from it, and filled the receiver. This 
rednefs continued about as long as that which 
is occafioned by a mixture of nitrous and com¬ 
mon air ; the air was alfo confiderably dimi- 
nifhed within the receiver. This fubftance,- 
therefore, mufl: certainly have contained withiiv 
it the very fame thing, or principle, on which 
the peculiar properties of nitrous air depend. 

It is remarkable, however, that though the 
air within the receiver was diminilhed about 
one fifth by this procefs, it was itfeif as much- 
affedted with a mixture of nitrous air, as com¬ 
mon air is, and a candle burned in it very well. 
This may perhaps be attributed to fome effedh- 
of the fpirit of nitre, in the compofition of that 
brown fubftance. 

Nitrous air, I find, will be confiderably di- 
mlnlflied in Its bulk by ftanding a long time' 
tn water, about as much as inflammable air is 

dimi' 
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dimlniflied in the fame circumftances. For 
this purpofe I kept for fome months a quart- 
bottle full of each of thefe kinds of air; but 
as different quantities of inflammable air vary 
very much in this refpea, it is not improbable 
but that nitrous air may vary alfo. 

From one trial that I made, I conclude that 
nitrous air may be kept in a bladder much 
better than moll other kinds of air^ The air 
to which I refer was kept about a fortnight in 
a bladder, through which the peculiar fmell of 
the nitrous air was very fenfible for feveral 
days. In a day or two the bladder became 
red, and was much contradled in its dimtn- 
lions. The air within it had loft very little 
of its peculiar property of diminilliing com¬ 
mon air. 

I did not endeavour to afcertain the exaft 
quantity of nitrous air produced Irom given 
quantities of all the metals which yield it; 
but the fev/ obfcrvations which 1 did make for 
this purpofe I flrall recite in this place: 
dwt. gr. 

6 o of filver yielded lyf- ounce meafures. 

5 19 of quickfilver 4- 

1 2t of copper 14^ 

2 o of brafs 21 

o 20 of iron 16 

I 5 of bifmuth 6 

o 12 of nickel 4 
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SECTION VJI. 

Of Air infedted with the fumes of burning 
Charcoal. 

Air infedled with the fumes of burning 
charcoal is well kncwn to be noxious ; and the 
Honourable Mr. Cavendifli favoured me with 
an account of feme experiments of his, in 
which a quantity of common air was I'e ruced 
from I So to 162 ounce meafures, by paffing 
through a red-hot iron tube filled %vith the 
dull of charcoal. Xhis diminution he aferibed 
to fuch a df'rjcuri'c of common air as Dr. 
Hales imagined to be the confequence of burn¬ 
ing. Mr. Cavcndifli allb obiert'ed, that there 
had been a generation of fxed air in this pro- 
cifs, but that it was abt-voei ov fooe levs. 
This experiment I alfo repc-.ed, with a fmaii 
variation of circumibances, and with nearly the 
lame refult. 

Afterwards, I endeavoured to afeertain, by 
what appears to me to be an eafier and more 
ccitain method, in what manner air is aiFedted 
with the fumes of charcoal, viz. by fufpending 
bits of charcoal within glafs veffels, filled to a' 
certain height with water, and ftanding inverted 
K. - in 
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ia another veiTel of water, while I threw the fo¬ 
cus of a burning mirror, or lens, upon them. 
In this manner I dim.iniflied a given quantity 
of air one fifth, which is nearly in the fame 
proportion with other diminutions of air. 


If, inftead of pure water, I ufed lirnt-noam 
in this procefs, it never failed to becotne turbid 
by the precipitation of the lime, which could 
only be occafioned by fixed air, either difeharged 
from the charcoal, or depofited by the common 
air. At firft I concluded that it came from the 
charcoal; but confidering that it is not probable 
that fixed air, confined in any fubftance, can 

bear fo great a degree of heat as is neceffary to 
make charcoal, without being wholly expelled ; 
and that in other diminutions of common 

air, by phlogiftononly, there appears to be a 

depofition of fixed air, I have now no doubt 
but that, in this cafe alio, it is fupphed from 
the lame fource. 


this opinion is the more probable, from 
there being the fame precipitation of lime, m 
this procefs, with whatever degree of heat the 
chatcLl had been made. If, however, the char- 
coal had not been made with a very confiderabre 
degree of heat, there never failed to be a perma- 
„e„t addition of inflammable f 
wliich agrees with what I obfemd before, tha% 
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in converting dry wood into charcoal, the great- 
eft part is changed into inflammable air. 

I have fometimes found, that charcoal which 
was made with the moft intenfe heat of a fmith’s 
Are, which vitrified part of a common crucible 
in winch the charcoal was confined, and which 
had been continued above half an hour, did not 
dinnnifti the air in which the focus of a burning 
mirror was thrown upon it; a quantity of in¬ 
flammable air equal to the diminution of the 
common air being generated in the procefs: 
whereas, at other times, I have not perceived 
that there was any generation of inflammable 
air, but a Ample diminution of common air, 
when the charcoal had been made with a much 

Icfs degree of heat. This fubjed deferves to be ■ 
farther inveftigated. 

To make the preceding experiment with ftill 
more accuracy, I repeated it in quickfilver 
wnen I perceived that there was a fmall increafe 
of the quantity of air, probably from a genera¬ 
tion of inflammable air. Thus itftood without 
any alteration a whole night, and part of the 
following davj when lime-water, being admit- 
ted to k, it prefently became turbid, and, after 
fame time, the whole quantity of air, which 
v/as ^hout four ounce meafures, was diminiflied 
one fifth, as before. In this cafe, I carefully 
^ 2, weighed 
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weighed the piece of charcoal, which was ex-^ 
aftly two grains, and could not find that is 
•was fenfibly diminilhed in weight by the ope¬ 
ration. 

Air thus diminilhed by the fumes of burning, 
charcoal not only extinguilhes flame, but is iti 
the higheft degree noxious to animals ; it makes 
no effervefcence with nitrous air, and is incapa¬ 
ble of being diminilhed any farther by the fumes 
of more ciiarcoal, by a mixture of iron filings 
and brrmftone, or by any other caufe of the di¬ 
minution of air that I am acquainted with. 

This obfer'Vation, which refpedts ail other 
kinds of diminillied air, proves that Dr. Hales 
was niiftaken in his notion of the abforption of 
air in thole circumfiances in which he oblervcH- 
it. For he fuppofed that the remainder was, in. 
all cafes, of the fame nature with that whicli. 
had been abforbed, and that the operation of the- 
fame caufe would not have failed to produce a 
farther diminution; whereas all my obfervations 
-Ihew that air, which has once been fully 
diminillied by any caufe whatever, is not only 
incapable of any farther diminution, either frorii 
the fame or from any other caule, but that ic 
has likevvife acquired new properties, moft re¬ 
markably different from thofe which it had be¬ 
fore, and that they are, in a great meafure, the 

fam-s^ 
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fame in all the cafes. Thefe circtimftances give 
reafon to fufpedl, that the caufe of diminution 
is, in rcaJity, the fmie in all the cafes. What 
thi-s caufeis, may, perhupS;, appear in the next 
iCourfe of obfervations. 


SECTION VIII, 

Of the cjfebl of the calciwation of Metals, 
and of the efeluvia a/’Paint made .with 
White-Lead andOih, on Air. 

Having been led to f.^fpedt, from the expe¬ 
riments which I had made with charcoal, diat 
the diminution of air in '■hit cafe, and perhaps 
in otlier cafes alio, was, in foiiie way or other 
the confequence of its having more than its 
ufual quantity of phlogifton, it occurred to 
me, that the calcination of metals, w'hich are 
generally luppofed to confilt of nothing but q. 
metallic earth united to phlogifton, would tend 
to afeertain the fadl, and be a kind of experi- 
mentiim crucis in the cafe. 

^ Accordingly, I fufpended pieces of lead and 
tin in given quantities of air, in the fame man¬ 
ner as I had before treated the charcoal; and 
thiowing the focus of a burning mirror or 
lens upon them, fo as to make°them fume 
K 3 CO-' 
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copiovifly. I prefently perceived a diminu¬ 
tion of the air. In the firft trial that I made, 
1 reduced four ounce meafurcs of air to three, 
which is the greatefl: diminution of common 
air that I had ever obferved before, and which 
I account for, by fuppofing that, in other cafes, 
there was not only a caufe of diminution, but 
caufes of addition alfo, either of fixed or in¬ 
flammable air, or fome other permanently elaf- 
tic matter, but that the efFedt of the calcina¬ 
tion of m-etals being fimply the efcape of phlo- 
gifton, the caufe of diminution v/as alone and 
uncon trouled. 

The air, which I had thus diminilhed by 
calcination of lead, I transferred into another 
clean phial, but found that the calcination of 
more lead in it (or at leaft the attempt to make 
a farther calcination) had no farther efiba up¬ 
on it. This air alfo, like that which had been 
infedled with the fumes of charcoal, was in the 
highc-fl degree noxious, made no efiervefcence 
with nitrous air, was no farther diminilhed by 
the mixture of iron filings, and brim (lone, and 
was not only rendered innoxious, but alfo re¬ 
covered, in a great meafure, the other proper¬ 
ties of common air, by waftiing in tvater. 

It might be fufpeded that the noxious qua- 
lity of air in which lead was calcined, might 

be 
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be owing to fome fumes peculiar to that me¬ 
tal ; but I found no fenlible difference between, 
the properties of-this air, and that in w^hich tin 
was calcined. 

The zvater over which metals are calcined 
acquires a yellowifh tinge, and an exceedingly 
pungent fmell and tafte, pretty much (as near 
as I can recollecft, for I did not compare them 
together) like that over which brimftone has 
been frequently burned. Alfo a thin and whi- 
tifh pellicle covered both the furface of the 
water, and likewife the fides of the phial in 
which the calcination was made; inlbmuch 
that, without frequently agitating the water, it 
grew fo opaque by this conftantly accumulating 
incruftation, that the fun-beams could not be 
tranimitted through it in a quantity fufiEcient to 
produce the calcination, 

I imagined, however, that, even when thi^ 
air was transferred into a clean phial, the me¬ 
tals were not fo eafily melted or calcined as they 
were in frefh air ; for the air being once fully 
faturated .with phlogifton, may not fo readily 
admit any more, though it be only to tranfmit 
it to the water. I alfo fufpedled that metals 
were not eafily melted or calcined in inflam- 
paable, fixed, or nitrous air, or any kind of 
K 4 dimi- 
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dlminiflied air * None of tliefe kinds of air 
fuffered any change by this operation ; nor was 
there any precipitation of lime, when charcoal 
was heated in any of thefe kinds of air Hand¬ 
ing in lime-water. This furnilhes another, and 
I think a pretty decifive proof, that, in the 
precipitation of lime by charcoal, the fixed- air 
does not come from the charcoal, but from 
the common air. Otherwife it is hard to affio-n 
a reafon, %vhy the fame degree of heat (or°at 
leaft a much greater) fliould not expel the fixed 
air rrem tnis lubfrance, though furrounded bv 
the.e diilerent kinds of air, and why the fixed 
air might not be tranfmitted through them to 
tlie lime-water. 


Query, May no,t water impregnated with 
phlogifton from calcined metals, or by any 

medicine? 

The effea of this impregnation is exceedingly 
remarkable; but the principle with which it is 
impregnated is volatile, and intirely efcapes ii) 

a day pr two, if the furface of the water be 
expcied to the common atmolphere, 

J I conclude from the experiments of M. LaVoIfier 
which were made with a' much better burning lens than I 
had an opportunity of making ufe of, that there was no 
W calanauon of the metals, though they were made to 
in inflammable or nitrous air; becaufe he was not 
-b.- to produce more than a flight degree of calcination 
^Ti ajy given ouantiry ot common air a 
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It ihould fcem that phlogifton is retained 
more obftinarely by charcoal than it is by lead 
or tin; for -when any given quantity of atr it> 
fully faturated with phlogifton from charcoal, 
no heat that I have yet applied has been able 
to produce any more eftedt upon it; whereas, 
in tiie fame circumfbances, lead and tin may 
ftill be calcined, at leaft be made to emit a co^ 
pious fume, in which fome part of the phlo¬ 
gifton may be fet loofe. The air indeed, can 
take no more ; but the water receives it, and 
the fides of the phial alfo receive an addition 
of incruftation. This is a white powdery fub- 
ftance, and well deferves to be examined. I lhall 
endeavour to do it at my leifure. 

Lime-water never became turbid by the cal¬ 
cination of metals over it, the calx immediately 
feizing the precipitated fixed air, in preference 
to the lime in the water ; but the colour, fmell, 
and tafte of the water was alv/ays changed 
and the furface of it became covered with a 
yellow pellicle, as before. 

When this procefs was made in quickfilver, 
the air was diminifticd only one fifth; and upon 
water being admitted to it, no more was ab- 
forbed ; which is an efiedl fimilar to that of a 
mixture of nitrous and common air, which was 
mentioned before. 
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The preceding experiments on the calcina¬ 
tion of metals fuggefted to me a method of 
explaining the canfe of the mifchief which is 
known to arife from frefh paint, made with 
white-lead (which I fuppofe is an imperfecl calx 
of lead) and oil. 

To verify my hypothecs, I firfc put a fmall 
pot full of this kind of paint, and afterwards 
(which anfwered much better, by cxpofing a 
greater furface of the paint) I daubed fev^eral 
pieces of paper with it, and put them under a 
receiver, and obfer-yed, that in about twenty- 
four hours, the air was diminiflred between one 
fifth and one fourth, for J did not meafure it 
very exaftly. This air alfo was, as I expeded 
to find, in the higheft degree noxious; it did 
not efiervefce vrith nitrous air, it was no farther 
diminifhed by a mixture of iron filings and 
brimftone, and was made wholefome by agita¬ 
tion in water deprived of all air. 

I think It appears pretty evident, from the 
preceding experiments on the calcination of me- 
iais that air is, fbine way* or other, diminifhed 
in confequence of being highly charged with 
phlogifton and that agitation in water reftores 
it, by imbibing a great part of the phlogiftic 
matter. 


That 
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That water has a confidcrable affiiiitv viih 
phiogifton, is ev-ident from the /trong 
naticn which it receives from it. IVhiv nut 
plants alfo reftore air diminhlied by pun-efadtion 
by abforbing part of the phiogifton wirii which 
it is loaded ? The greater part of a diy pla/tr, 
as well as of a dry animal fubffance, coniilhs of 
inflammable air, or Ibmcthing that is capable 
of being converted into inflammable air ; caul it 
feems to be as probable that this phloeiilic mat¬ 
ter may have been imbibed by ilm roots and 
leaves of plants, and afterwards intorjjuratcd 
into their fubftance, as that it is altogetlier ])n;- 
duced by the power of vegetation." May nor 
this phlogiftic matter be even the moft cflhnrial 

part of the food and fupport of both vctreiahlc 
and animal bodies ? 


In the experiments with metals, the climlnn- 
tionofair feems to be the confequence of jm- 
thmg but a faturation with phlogillon ; and in 
all the other cafes of the diminution of air, 1 
do not fee but that it may be eflbacd by the 
fame means. When a vegetable or animal fuh- 
ftance IS d.lTolved by putrefaftion, the efcape of 
thephlogiflicmatter (which, together with all its 
other conflituent parts, is then let loofe from if) 

nutionofthcairm which it putrefies. It is 
Jghly improbable that what remains after an 


am- 
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animal body has been thoroughly diflblved by 
putrefaction, fliould yield fo great a quantity 
of inflammable air, as the dried animal fub- 
ftance would have done. Of this I have not 
made an adtual trial, though I have often 
thought of doing it, and ftiii intend to do 
it; but I think there can be no doubt of the 
refult. 

Again, iron, by its fermentation with brim- 
flone and v/ater, is evidently reduced to a calx, 
fo that phlogilton mud have efcapcd from it.' 
Phlogiihon aifo mufc evidently be fet L-ofe by 
the ignition of charcoal, and is not improbably 
the matter which flies ofrfrotft painr, coippofcd 
of white-lead and oil. JLaftly, fince fpirit of 
nitre is known to have a very remarkable affini¬ 
ty with phlogifton, it is far from being impro¬ 
bable that nitrous air may alfo produce the 
fame effedt by the fame means. 

To this hypothefis it may be objedted, that, 
if diminiflied air be air faturated with phlo- 
giflon, it ought to be inflammable. But this 
by no means follows ; fince its inflammability 
may depend upon fome particular mode of com- 
iination^ or degree of affinity, with which we 
are not acquainted. Befides, inflammable air 
feems to confifc of feme other principle, or to 
have fome other conflituent part, befides phio- 

gifton 
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gifton and common air, as is probable from 
that remarkable depofit, which, as I have ob- 
ierved, is made by inflammable air, both from 
iron and zinc. 

It is not improbable, however, but that a 
greater degree of heat may inflame that air 
which extinguifhes a common candle, if it 
could be conveniently applied. Air that is in¬ 
flammable, I obferve, extinguiflres red-hot 
wood; and indeed inflammable fubftances can 
only be thofe which, in a certain degree of 
heat, have a lefs affinity with the phlogifton 
they contain, than the air, or feme other con¬ 
tiguous fubttance, has with it; fo that the 
phlogifton only quits one fubftance, with which 
it was before combined, and enters another, 
with which it may be combined in a very dif¬ 
ferent manner. This fubftance, however, whe¬ 
ther it be air or any thing eife, being now 
fully faturated with phlogifton, and not being 
able to take any more, in the fame circum- 
ftances,. muft ncceffarily extinguifh fire, and 
put a flop to the ignition of all other bodies, 
that is, to the farther efcape of phlogifton from 
them. 

That plants reftore noxious air, by imbibing 
the phlogifton with which it Is loaded, is very 
agreeable to the conjedlurcs of Dr. Franklin, 

made 
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made many years ago, and expreffed in the fol¬ 
lowing extrad from the laft edition of his Let¬ 
ters, p. 346. 

I have been inclined to think that the fluid 
** well as the fluid air, is attradled by 

“ plants in their grov/th, and becomes con- 
“ folidated with the other materials of which 
they are formed, and makes a great part of 
“ their fubftance ; that, when they come to 
« be digefted, and to fuffer in the veflels a 
“ kind of fermentation, part of the fire, as 
‘‘ well as part of the air, recovers its fluid 
adlive flate again, and diffufes itfelf in the' 
“ body, digefting and feparating it; that the 
“ fire fo re-produced, by digeftion and fepara- 
“ tion, continually leaving the body, its place 
“ is fupplied by frelh quantities, arifing from 
“ the continual reparation ; that whatever 
“ quickens the motion of the fluids in an 
" animal, quickens the feparation, and re-pro- 
“ duces more of the fire, as exercife ; that all 
“ the fire emitted by wood, and other com- 
buflibles, when burning, exiflied in them be- 
“ fore in a folid flate, being only difeovered 
“ when feparating that fome/oflils, as ful- 
“ phur, fea-coal, &c. contain a great deal of 
loiid fire ^ and that, in fliort, what eicapes 
“ and is dillipated in the burning of bodies 
“ befides water and earth, is generally the 
I “ air 
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section IX. 

0 / Marine Acid Air. 

Being very much ftruck xvith the refult of 
sn experiment of the Hon. Mr. Cavendift rf 

infl ^ ’ !lf get any 

s jst r “'’p"’ ^ ipi- 

kind of n’’ ^ ^ inuch more remarkable 

kind or air, one that loft its elafticitj by 

commg into contadl with water, I was exceed! 
^vfth it o''' 1 acquainted 

neverf!ll!?rT''-'''' ^"ickfilver, which I 

Lfe^"^ abforbed by 

ft ^hhT "fibbed by 

’ ^ Ptefentiy got a much 

mm-e diftind idea of the nature Ld efieds of 
this curious folution. 

“PP'" ““P into afmall 
ph al, with a quantity of fpirit of I'ak • and 

plenty, on the application of heat) afeend into 

a tall 
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£ tall glafs veffel full of qliickfilver, and Hand- 
ing in quickfilver, the whole produee, conti¬ 
nued. a confidcrable time without any chani^e 
of dimenfions. I then introduced a fmall 
quantity of water to it; when about three 
fourths of it (the whole being about four 
ounce meafufes) prefently, but gradually, dif- 
appeared, the quickfilver riling m the vcIieL- 
I then introduced a confiderable quantity of 
water; but there was no farther diminution of 
tne air, and the remainder I found to be in¬ 
flammable. 

Having frequently continued this procefs a 
long time after the admiffion of the water, I 
was much amufed with obferving the laro-e bub¬ 
bles of the newly generated air, which came 
through the quickfilver, the fudden diminution 
of them when they came to the water, and the 
very fmall bubbles which went through the wa¬ 
ter. They made, however, a continual, though 
flow, increafe of inflammable air'. 

Fixed air, being admitted to the whole pro¬ 
duce of this air from copper, had no fenfible 
cfFedt upon it. Upon the- admilTion of watery 
a great part of the mixture prefently difap- 
peared; another part, which I fuppofe to have 
been the fixed air, was abforbed flowly j and 
in this particular cafe the very fmall permanent’ 

fell- 
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rcfiduum did nor take fire ; but it is very pofii 
ble that it might have done lb, if tijc c;uantitv 
had been greater. 


The folution ofkadm the marine acid 
tended with the very lame ])h:cnomena a 
folution of copper in the fame acid ; : 
three fourths of the generated air dil-ipp^': 
on the ad million of water; and die remai 
being inflammable. 


IS ar- 
s the 
I hour 
aring' 
indcr 


Thefolutmnsofiron, tin, and ydne, in the 

marine acid, were all attended with the iiune 
phenomena as the folutions of corpn- and' 
^ead, but in a lefs degree • for in t 
eighth, in tin one fixth and i- ’ T 

of the generated air difippeared on the T'' 
with water. The re, JL; ii 1 1 " • ; 

‘ron, this cafe, burnetl with a ,.rec„ or 1 ‘ 

light blue flame. oi very 

dinarMfrre ‘‘“““'“'’■S 

‘i‘y by the meie“ 

thc firft ftifpefted that it 

by tte water thsl “f bee,./,,,- 
y uie water that was adm tted to it • l,„r 

to very great a quantity of this air ’ 

^'-ngthat— 

^ hy 
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hypochefis, I found, however, that when i 
admitted a much fmaller quantity of water, 
coniined in a narrow giafs tube, a part only of 
the air diiappeared, and that very fiov ly, and 
that more of it vaniflied upon the admiffion of 
more water. This obfervation put it beyond 
a doubt, that this air was properly v:{blhcd 
bjr tlie water, which, being once fully fatu- 
rated with it, was not capable of receiving any 
more. 

The water thus impregnated tailed very acid, 
even when it W'as much diluted with other wa¬ 
ter, through which the tube containing it was 
drawn. It even dilTolved Iron very fall, and 
generated inflammable air. This kll obferva¬ 
tion, together with another which immediately 
follows, led me to the difeovery of the true na¬ 
ture of this remarkable kind of air. 

Happening, at one time, to ufe a good deal 
of copper and a fmall quantity of'^fpirit of 
fait, in the generation of this kind of air, I 
was furpnzed to find that air w'as produced 
long aftci, I could not but think that the acid 
muft have been faturated with the metal; and 
.1 alfo found that the proportion of inflamma¬ 
ble air to that which was abforbed by the water 
continually diminilhed, till, inftead of being 

■ one 
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one fourth of the whole, as I had frf: obfervecl, 
it was not fo much as one twenticih. 
this, I concluded that this fubtic air did nut 
arife from the copper, but from the jpirii: (d' 
flit; and prefently making the expciiment \'. ith 
the acid onh'", without any copper, or meUil ui 
any kind, this air was immediately protluced 
in as great plenty as before; fo that this re¬ 
markable kind of air is, in faft, nothing more 
than the vapour, or fumes of fpirit of fair, 
which appear to be of luch a nature, that rlicy 
are not liable to be condenfcd by cold, like the 
vapour of water, and other fluids, and there¬ 
fore may be very properly called an acid ah\ 
or more rcflricfdvely, the marine acid air. 


This ehiflic acid vapour, or acid air, cxiln- 
guiflres itame, anti is much heavier than com¬ 
mon air ; but how much heavier, vdll not be 
eafy to afeertain. A cylindrical glafs vefleJ, 
about three fourths of an inch in diameter, 
and four inches deep, being filled wiih it, ami 
turned upfide down, a lighted candle may be 
let down into it more than twenty times before 
It will burn at the bottom. It is picafmn- ro 
obferve the colour of the flame in tliis cxpeii- 
ment; for both before the candle goes out, and 
alfo when it is firft lighted again, it Imms 'with 
a beautiful green, or rather light-blue flame, 
fuch as IS feen when common fak is thrown in- 

^ - When 
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When this air is all expelled from any quan. 
tity of fpirit of fair, which is eafily perceived 
by the fubfequent vapour being condenfed by 
cold, the remainder is a very weak acid, barely 
capable of diffolving iron. 

Being now in the pofTeffipn of a new fubjedt 
of experiments, o/z an elaflic acid vapour, in 
the form of a permanent air, eafily procured, 
'and eftedtually confined by glafs and quickfil- 
ver, with which it did not feem to have any 
affinity ; I immediately began to introduce a 
variety of fubftances to it, in order to afeer- 
tain its peculiar properties and affinities, and 
alfo the properties of thofe other bodies with 
refped to it. 

Beginning with water, which, from preced¬ 
ing obfervations, I knew would imbibe it, and 
become impregnated with it; I found that 2,- 
grains of rain-water abforbed three ounce mea- 
fures of this air, after which it w'as increafed 
one third in its bulk, and weighed twice as 
much as before ; fo that thihs concentrated va¬ 
pour feems to be twice as heavy as rain-water : 
Water impregnated with it makes the flrongeft 
fpirit of fait that I have feen, dillblving iron 
•with the mofl; rapidity. Confequently, tw'o 
thirds of the bell fpirit of fait is nothing more 
than mere phlegm or water. 


Iroa 
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Iron filings, being admitted to this air, were 
diflblved by it pretty faft, half of the air difap- 
pearing, and the other half becoming inflamma¬ 
ble air, nor abforbed by’’ water. Putting chalk 
to it, fixed air was produced. 

I had not introduced many fubftances to this 
air,, before I difcovered that it had an affinity 
with phlogijton^ fo that it would deprive other 
fubftances of it, and form with it fuch an 
union as conftitutes inflammable air; which 
feems to fhew, that inflammable air univerfally 
confifts of the union of fome acid vapour with 
phlogifton. 

Inflammable air was produced, when to this 
acid air I put fpirit of wine, oil of olives, oil 
of turpentine, charcoal, pholphorus, bees-wax, 
and even fulphur. This laft obfervation, I 
own, furprized me; for, the marine acid being 
reckoned the weakeft of the three mineral 
acids, I did not think that it had been capa¬ 
ble of diflodging the oil of vitriol from this 
fubftance ; but I found that it had the very 
fame effedt both upon alum and nitr^ ; the vi¬ 
triolic acid in the former cafe, and the nitrons 
in the latter, giving place to the ftronger va¬ 
pour of fpirit of fait. 
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The ruft of iron, and the precipitate of ni¬ 
trous air made from copper, alfo imbibed this 
air very fall, and the iktie that remained of it 
was inflammable air j which proves, that thefe 
calces contain phlogiilon. It feems alfo to be 
pretty evident, from this experiment, that the 
precipitate above mentioned is a real calx of 
the metal, by the folution of which the nitrous 
air is generated. 

As fome remarkable circumftances attend the 
abforption of this acid air, by the fubftances 
above-mentioned, I fliall briefly mention them. 

Spirit of wine abforbs this air as readily as 
Vv-ater itfelf, and is increafed in bulk by that 
means. Alfo, when it is faturated, it diflblves 
iron with as much rapidity, and flili continues 
inflammable. 

Oil of olives abforbs this air very flowly, 
and at the fame time, it turns almoft black, and 
becomes gl urinous. 11 is alfo lefs raifeible with 
water, and acquires a very difagrecable fmell. 
By continuing upon the furtace of the water, it 

becarne white, and its orfenfive fmell went olf 
in a few days. 

Oil of turpentine abforbed this air very fall:, 
turning brown, and almoft black. No inflam¬ 
mable 
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niab’Ie air was formed, till I raifccl more of the 
acid air than the oil was able to abforb, and let 
it fcand a conliderable time ; and Hill tlic air 
was but weakly inflammable. The lame was 
the cafe with the oil of olives, in the lull men¬ 
tioned experiment; and it feems to Ijc pn,'- 
bable, that, the longer this acid air had con¬ 
tinued in contaft with the oil, the more }>hIo- 
gifton it would have extrafted fnnri it. It is 
not wholly improbable, but that, in the inter¬ 
mediate Hate, before it becomes inflammable 
air, it may be nearly of the nature of common 
air. 


Bees-wnx abforbed this air very flowly. 
About the bignefs of a hazel-nut of the wax 
being put to three ounce meafures of ih.c acid 
air, the air was diminifliecl one half in two 
days, and, upon the admifllon of water, half 
of the remainder alio difappeared. This air was 
ftrongly inflammable. 

Charcoal abforbed this air very fitft. About 
one fourth of it wa; rendered immifciblc In 
water, and was but weakly inflammable. 

A fmall bit of phofphorus, perhaps about 
half a grain, fmoked, and gave light in the acid 
air, juft as it would have dpne in common 
air confined. It was not fenfibly wafted after- 
L 4 con- 
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continuing about twelve hours in that ftate, 
and the bulk of the air was very little dimk 
niflied. Water being admitted to it abforbed it 
as before, except about one fifth of the whole. 
It was but weakly infiainrnable. 

_ Putting feveral pieces of fulphur to this air. 
It was abforbed but llowly. In about twenty- 
four hours about one fifth of the quantity had 
difappeared ; and water being admitted to the 
reipainder, very little more was abforbed. The 
remainder was inflammable, and burned with 
a blue flame. 

^ Notwithftanding the affinity which this acid 
air appears to have wdth phlogifton,' it is not 
capable of depriving all bodies of it. I found 
that dry wood, crufts of bread, and raw fltfli, 
very readily imbibed this air, but did not part 
with any of their phlogifton to it. All thefe 
fubftances turned very brown, after they had 
been fome time expofed to this air, and tafted 
very flrongly of the acid when they were taken 
out, but the iieih, when wafhed in water, be¬ 
came very wiftte, and the fibres cafily feparated 
from oiie another, even more than they would 
have done if it had been boiled or roaflcd -% 

It will be feen, in the fecond part of this work, that 
in fome of thefe procefles, I had afterwards more fuccefs. ’ 

When 
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When I put a piece of faltpetre to that is 
it was prefently furrounded with a white fume, 
which foon filled the whole veflel, exadlly like 
the fume which burits from the bubbles of 
nitrous air, when it is arencrated by a vio-orous 
lermentation, and fuch as is feen when nitrous 
air is mixed wdth this acid air- In about a 
minute, the whole quantity of air was abforbed, 
except a very little, which might be the com¬ 
mon air that had lodged upon the furfacc of 
the fpirit of fait within the phial. 

A piece of dim expofed to this air turned 
yellow, abforbed it as faft as the faltpetre had 
done, and was reduced by it to the form of a 
powder. Common fait, as might be expedfed, 
had no effedt whatever on this marine acid air. 

I had alfo imagined, that if air climinifiK-d 
by the procefles above-mentioned was affected 
in this manner, in confequcncc of its bcinfi- 
laturated with phlogilton, a mixture of this' 
acid air might imbibe that phlogifton, and 
render it wholefome again ; but I put about 
one fourth of this air to a quantity of air in 
v/hich metals had been calcined, without 
making any fenfible alteration in it. I do not, 
however, infer from this, that air is not dinff- 
nilhed by means of phlogifton, fince the com¬ 
mon air, like forae other fubftances, may hold 

the 
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the phlogifton too fall, to be deprived of it by 
this acid air. 

I fhall conclude ray account of thefe experi¬ 
ments with obferving, that the eledliic fpark is 
vifible in acid air, exadtly as it is in common air j 
and though I kept making this fpark a con- 
iiderabJe time in a quantity of it, J did not 
perceive that any feniible alteration was made 
m It. A little inflammable air was produced, 
but not more than might have come from the 
two iron nrdls which I made ufe of in taking 
the fparks. 

SECTION X. 

Miscellaneous Observations. 

1 . As m.any or the preceding obfervations 
1 elate to the vhiotts and pulysja^i'tvc fer mentati¬ 
ons, I had the curiofity to endeavour to afcer- 
tain m what manner the air would be afiedted 
by the acetous fermentation. Tor this purpofe 
I incloftd a phial full of fmall beer in a jar 
Handing in w'ater j and oblcrved that, during 
the firft two or three days, there was an increafe 
of the air in the jar, but from that time it gra¬ 
dually decreafed, till at length there appeared 
to be a diminution of about one tenth of the 
whric quantity. 


During 
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During this time the v^hole fnrface of it was 
gradually covered with a fcum, beautifully cor¬ 
rugated. After this there was an increafe of 
the air till there was more than the original 
quantity ; but this niufc have been fixed air, 
not incorporated with the reft of the mafs ; for, 
withdrawing the beer, which I found to be four, 
after it had flood i 8 or 20 days under the jar, 
and paffing the air feveral times through cold 
water, the original quantity was diminiflied 
about one ninth. In the remainder a candle 
would not burn, and a moufe would have died 
prefently. 

The fmell of this air was exceedingly pun¬ 
gent, but different from that of the putrid efflu¬ 
vium. A moufe lived perfectly well in this air, 
thus affedted with the acetous fermentation; 
after it had ftood ieveral days mixed with four 
times the quantity of fixed air. 

2. All the kinds of fadtitious air on which I 
have yet made the experiment are highly noxi¬ 
ous, except that which is extradted from falt- 
petre, or alum ; but in this even a candle burned 
juft as in common air*. In one quantity which 

I got 

^ Experiments, of wbich an account will be given in 
the Tecond part of this work, make it probable, that 
though a candle burned even more than nvell in this air, an. 

animal 
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I got from faltpetre a candle not only burned, 
but the flame was increafed, and fomething was 
heard like a hilling, fimilar to the decrepitation 
of nitre in an open fire. This experiment was 
made when the air was frelli made, and while 
it probably contained fome particles of nitre, 
which would have been depofited afterwards. 
The air w'as extradled from thefc fubftances 
by heating them in a gun-barrel, which was 
much corroded and foon fpoiled by the experi¬ 
ment. What efFedt this circumftance may have 
had upon the air | have not confidered, 

November 6, 1772, I had the curiofity to 
examine the fiate of a tjuantity of this air 
which had been extradled from faltpetre above 
2 year, and which at firfl: was perfedly whole- 
iome when, to my very great furprize, I found 
that It was become, in the higheft degree, 
noxious. It made no efFervefcence with nitrous 
air, and a moufe died the moment it w'as put 
into it. I had not, however, waflied it in rain¬ 
water quite ten minutes (and perhaps lefs time 
would have been fulficient) when I found, upon 
trial, that it was rellored to its former perfedbly 
wholefome flate. It effervefeed with nitrous air 
as much as the beft common air ever does, and 

animal would not have lived in it. At the time of this 
firft publication, however, I 'had no idea of this beinv 

p6iribJc in nature^ ^ 


even 
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even a candle burned in it very well, which I had 
never before obferved of any kind of noxiour. 
air meliorated by agitation in water. This 
leries of fafts, relating to air extradled from 
niti e, appear to me to be very extraordinary 
and important, and, in able hands, may lead 
to confidcrable difcovcries. 

3. There are many fubllances which imprc'r. 
nate common air in a very remarkable manner, 
but without making it noxious to animals. A- 
mong other things I tried volatile alkaline falts, 
and camphor; the latterof which I melted with 
a burning-glafs, in air inclofed in a phial. The 
moufe, which was put into this air, fncezcd and 
cougiied very much, eljrecially after it was 
taken out ,• but it {.>refently recovered, and did 
not appear to have been fenfibly injured. 

4. Having made feveral experiments with a 
mixture of iron filings and brimftone, kneaded’ 
to a pafte with water, I had the curiofity to try 
what would be the efFedt of fubftituting bmfi 
dujl in the place of the iron filings. The refuk 
was, that when this mixture had Hood about 
three weeks, in a given quantity of air, it had 
tuined black, but was not increaled in bulk. 
The air alfo was neither fenfibly increafed nor 
decieafed, but the nature of it was changed; 
for it extinguilhed flame, it would have 

killed 
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killed a moufe prefentiy, and was not re- 
llored by fixed air, whicli had been mixed 
■with it feverai days. 

5. I have frequently mentioned my having, 
at one time, expofed equal quantities of dilie- 
rent kinds or air in jars Handing in boiled water. 
Co''}mo 7 i air in this experiment was diminiihed 
four ievenths, and the remainder extinguillied 
flame. This experiment demonftrates that water 
does not abforb air equalh', but that it decorn- 
poles it, taking one part, and leaving the reft. 
To be quite Hire of this fad, I agitated a 
quantity of common air in boiled water, and 
when I had reduced it from eleven ounce mea- 
fures to feven, I found that it extingui/lted a 
candle, but a moufe lived in it-very well. At 
anodrer time a candle barely went out when the 
air was diminiihed one third, and at other times 
1 have found this effeft take place at other very 
dillcrent degrees of diminution. 

This diSerence I attribute to the differences 
in the Irate of the water with refpecr to the air 
contained in it; for fometimes it had flood 
longer than at other times before I made ule of 
it. I alfo ufed diftilled-water, rain-water, and 
water out of which the air had been pumped, 
promifeuoufly with rain water. I even doubt, 
not but that, in a certain ftate of the water, 

there 
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there migliL be no fenfible difference in the bulk 
of the agitated air, and yet at the end of the 
procefs it would excinguifli a candle, air being 
lupplied from the water in the place of that 
part of the common air which had been ab- 
fcrbcd. 

It is certainly a little extraordinary that the 
very fame prnrets flrouid fo far mend putrid 
air, as to reduce it to the flandard of air in. 
which candles have burned out; and yet that it 
fliould fo far injure common and wholefome air 
as to reduce it to about the fame ffandard : but 
fo the fa< 5 t certainly is. If air exting'uilh flame 
in conlequence of its being previoufly j'atiirated 
with phlogiilon, it niuil, in this cafe, have been 
rransferred from the \',-atcr to the air , and it 
is by no means inconuffeiu with ih;s hvpcthcli.s 
to fuppole, that, if the air be over faturatcvl 
with phlogiilon, the water will imbibe it, till it 
be leduccd to the fame pi’oportion that ag'icatioii 
in water would have communicated to it; 

To a quantity of common air, thus dimi- 
nlfhed by agitation in water, till it extinguiflied 
a candle, 1 put a plant, but it did not fo far re- 
flore It as that a candle wmuld burn in it ar^aiii ^ 
which to me appeared not a little extraordhiary, 
as it did not feem to be in a worfe flate than 
.air in wliich, candles had burned out, and 

which 
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xvJiich had never failed to be reftored by the 
fame means; 

I had no better fuccefs witli a quantity of 
permanent air which I had collefted from" my 
pump-water. Indeed thefe experiments were 
begun before I was acquainted with that pro¬ 
perty of nitrous air, which makes it fo accu¬ 
rate a meafure of the goodnefs of other kinds 
of air I and it might perhaps be rather too late 
in the year when I made the exjDeriments. 
Having neglefted thefe two jars of air, the 
plants died and putrefied in both of them ; 
and then I found the air in them both to be 
highly noxious, and to make no efiervefcence 
with nitrous air. 

I found that a pint of my pump - water 
contained about one fourth of an ounce meafure 
of air, one half of whicn was afterwards ab- 
fb. bed by Handing in frefh pump-water. A 
candle would not burn in this air, but a moufe 
lived in it very well. Upon the whole, it 
feemed to be in about the fame Hate as air in 
which a candle had burned out. 

^ 6. I once imagined that, by mere Jlagnation, 
air might become unfit for refpiration, or at leaft 

the 
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tne burning of candies *, but if this be the cafe, 
and the change be produced gradually, it mull 
require a long time for die purpofe. For on the 
sad of September 1772, I examined a quantity 
of common air, which had been kept in a 
phial, without agitation, from May 1771, and 
found it to be in no refpedt worfe than freih air, 
even by the tell of the nitrous air. 

7. The cryilailization of nitre makes no 
fenfible alteration in the air in which the pro- 
cefs is made. For this purpofc I diflblved as 
much nitre as a quantity of hot waiter would 
contain, and let it cool under a recei'/er, Hand¬ 
ing in water. 


8. November d, 1772, a quantity of inflam¬ 
mable air, which, by long keeping, had come 
to extinguilh flame, I oblerved to fmell very 
much like common air in w'hich a mixture of 
iron filings and brimftone had flood. It was 
not, how'ever, quite fo flrong, but it was equally 
noxious. 

_ 9. Bifmuth and nitkel are diflblved in the ma¬ 
rine acid with the application of a confiderable 
degree of heat; but little or no air is got from 
either of them; but, what I thought a little rc- 

mark- 
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markable, both of them fmelled ver}? much like 
Harrowgate water, or liver of fulphur. This 
hr,ell I have met with feveral times in the courfe 
ot my experiments, and in proceffes very diiTe- 
rcnt from one another. 


PART 


( i63 ) 


PART IL 

Experiments and Ohfervations made in the Tear 
1773, and the Beginning of 1774. 

SECTION I. 

Ohfervations on Alkaline Air. 

A fter I had made the difeovery of 
the marine acid, air, which the vapour of 
fpirit of fait may properly enough be called, 
and had made thofe experiments upon it, of 
which I have given an account in the tbr- 
mer part of this work, and others which I pro- 
pofe to recite in this part; it occurred to me, 
that, by a procefs limilar to that by which this 
acid air is expelled from the fpirit of fait, an 
alkaline might be expelled from fubftances 
containing volatile alkali, 

Ac. 
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Accordingly I procured fome volatile fpirit of 
fal ammoniac, and having' put it into a thin 
phial, and heated it with the flame of a candle, 
I prefently found that a great quantity of va¬ 
pour was difcharged from it; and being re¬ 
ceived in a veflcl of quicklilver, Handing in a 
bafon of quickfllver, it continued in the form 
of a tranfparent and permanent air, not at all 
condenfed by cold; fo that I had the fame op¬ 
portunity of making experiments upon it, as I 
had before on the acid air, being in the fame 
favourable circumftances. 

With the fame eafe I alfo procured this air 
from fpirit of hartfiorn, and fal volatile either 
in a fluid or folid form, i. e. from thofe volatile 
alkaline fairs which are produced by the diftilf 
lation of fal ammoniac with fixed alkalis. 
But in this cafe I foon found that the alkaline 
air I procured was not pure j for the fixed air, 
■which entered into the compofition of my ma¬ 
terials, was expelled along with it. Alfo, unit¬ 
ing again with the alkaline air, in the glafs 
tube through which they were conveyed, they 
flopped it up, and were often the means of 
burfting my veflels. 

While thefe experiments were new to me, I 
jmagir.ed that I was able to procure this air 
with peculiar advantage and in the greatell 

abun- 
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abundance, either from the falts in a dry ftate, 
■when they vrere juid covered with water, or in a 
pertediy fluid date; lor, upon applying a can¬ 
dle to the phialb in which they were contained, 
there was a mod aftonifliing produfuion of air; 
but having exarniiied it, I found it to be chiefly 
fixed air, efpecialiy after the firfl: or fecond 
produce from the fame ina' Crials ; and remov- 
ine my apparatus to a trougl: of water and 
ufing the svater inflead of quickfilver, I found 
that it was not prefcntly abforbed by it. 

This, however, appears to be an eafy and 
elegant method of procuring fixed air, from a 
fmall quantity of materials, though there mnfl; 
be a mixture of alkaline air along with it; as 
it is by means of its combination wirh this 
principle onh'-, that it ispoflible, that f) much 
fixed air fliould be retained In any liquid; 
Water, at lead, we knov/, cannot be made to 
contain much more than its own bulk of fixed 
air. 

After this difappolntment, I confined myfelf 
to the ufe of that volatile fpirit of fal ammo¬ 
niac which is procured by a diftillation with 
flaked lime, which contains no fixed air ; and 
which feems, in a general flare, to contain 
about as much alkaline air, as an equal quan- 
‘"'tv of fpirit of fait contains of the acid air. 

M 3 Wanting 
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Wanting, however, to procure this air in 
greater quantities, and this naethod being rather 
exptnfive, it occ urrcd to me, that alkaline air 
might, probably, be procured, with the moft 
eafe and convenience, from the original mate¬ 
rials, mixed in the lame proportions that che- 
mifts had founa by experience to anftver the 
beft icr the produdlion or the volatile fpirit of 
fal ammoniac. Accordingly I mixed one fourth 
of pcunoed ial ammoniac, with three fourths 
of flaked lime ; and filling a phial with the mix¬ 
ture, I prelcntly found it completely anfwered 
my purpofe. The heat of a candle expelled 
from this mixture a prodigious quantity of al¬ 
kaline air j and the fame materials (as much 
as filled an ounce phial) would fetve me .a con- 
fiderable time, without changing; efpecially 
when, inflcad of a glafs phial, I made ufe of a 
fmall iron tube, which I find much more con¬ 
venient for the purpofe. 

As water foon begins to rife in this procefs, it 
is neceflary, if the air is intended to be conveyed 
perfedlly dry into the veflel of quickfilver, to 
have a fmall velfel in which this water (which 
is the common volatile fpirit of fal ammoniac) 
may be received. This fmall veflel muft be in- 
terpofed between the veflfei which contains the 
materials for the generation of the air, and that 

which it is to be received, as d fig. 8. 

This 
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This alkaline air being perfed-ly analogous to 
irhe acid air, i was natnraliy led to inveftigate 
the propes ties of it in the lame manner, and 
nearly in the fame order. From this analogv i 
concluded, as I preiently lound to be the taft, 
that this alkaline air would be readily imbibed 
by water, and, by its ui.ion with it, would form 
a volatile fpirit of fal ammoniac. And as 
the water, v> h.eri admitted to the air m this man¬ 
ner, confined by cjuicklilvcr, has an opportu¬ 
nity cffully f.uurating idelf with the alkaline 
vapour, it is made prodigiouQy ftronger than 
any volatile fp'irit of fal ammoniac that I have 
ever lean -, and i believe flrongcr than it can 
b; iiuide in the common way. 

In order to afeertain what addition, with re- 
fpect to quantity and w'eight, water would ac¬ 
quire by being fatuiated with alkaline air, I put 
I grains of rain-water into a fmall glafs tube, 
clofed at one end with .cement, and open at the 
other, the column of water mcafuring of 
an inch ; and having introduced it through the 
tpuickfilver into avclTel containing alkaline air, 
ob'fervcd that it abforbed of an ounce mealurc 
of the air, and had then grained about half a 
grain in weight, and was increafed to 8 i tenths 
of an Inch in length. I did not make a fecond 
experiment of this kind, and therefore will not 
anfwer for the exaftnefs of thefe proportions in 
M 4 future 
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future trials. What I did fofficicntly anfwered 
my purpofe, m a general yiew of the fub- 


\\henlhad, atone time, faturaied a quan- 
Uh)! of ciiftilleci tvater with alkaline air, fo that 
agcMd deal of the air remained unabforbed on 
trieuurfaceofthe water, I obferved that, as I 
contini-ed to throw up more air, a confiderable 
proportion of it was imbibed, but not the whole ■ 
ana when I had let the apparatus Hand a day," 
much more of the ai.r that lay on the furface 
was imbibed. And after the water would imbibe 
no more of the oU air, it irnbibed neii\ This 
Ihews that water requires a confiderable time to 
laturate itfelf with this kind of air, and that 

part of It more readily unites with water than 
tne reft. 


The fame is alfo, probably, the cafe with all 
the kinds of air with which w'ater can be im¬ 
pregnated. Mr. Cavendilh made this obferva- 
tion with refpeft to fised air, and I repeated 
tne whole procefs above-mentioned with acid 
air,^ and had precifeiy the fame refult. The al¬ 
kaline water which I procured in this experi¬ 
ment was, beyond comparifon, ftronger to the 

imell, than any fpirit of fal ammoniac that I 
had feen. 
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This experiment led me to attempt the mak¬ 
ing of ipirit of fal ammoniac in a larger quan¬ 
tity, by impregnating diiliiled water with this 
alkaline air. For this purpofe I filled a piece of 
a gun-barrel with the materials above-mentioned, 
and luted to the open end of it a fmall glafs tube, 
one end of which was bent, and put within the 
mouth of a glafs velfel, containing a quantity of 
diftilled water upon quickfilver, ftanding in a 
bafon of quickfilver, as in fig. 7. In thefe circum- 
llances the heat of the fire, applied gradually, ex¬ 
pelled the adtaline air, which, palling through 
the tube, and the quickfilver, came at lafi: to the 
water, which, in time, became fully faturated 
with it. 

By this means I got a very ftrong alkaline 
liquor, from which I could again exipel the al¬ 
kaline air which I had put into it, xvhenever it 
happened to be more convenient to me to get it 
in that manner. This procefs may eafily be 
performed in a ftill larger way; and by this 
means a liquor of the fame nature with the vola¬ 
tile fpirit of fal ammoniac, might be made 
much ftronger, and much cheaper, than it is 
now made. 

Having fatisfied myfelf with refpeft to the 
relation that alkaline air bears to water, I was 
impatient to find whatwould be the confequence 
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whitifh, and that this white cloud fettled. In 
the torm of a white powder, to the bottom of 
the veffel. 

Alkaline air mixed with common air, and 
ftanding together feveral days, firfl in quick- 
iilv’ei, and then m water (which abiorbed the 
alkaline air) it did not appear that there was 
any change produced in the common air: at 
leaft it was as much diminifhed by nitrous air 
as before. Ihe fame was the cafe with a mix¬ 
ture of acid air and common air. 

Having mixed air that had been diminifhed 
by the fermentation of a mixture of iron filings 
^and brimflone with alkaline air, the w'ater ab- 
forbed the latter, but left the former, v/ith re> 
fpedt to the tell of nitrous air (and therefore, 
as I conclude, with relpedb to all its properties) 
the fame that it was before. 

Spirit of wine imbibes alkaline air as readily 
as w'ater, and feems to be as inflammable after¬ 
wards as before. 


Alkaline air contrafts no union with olive oil. 
They were in contadt almoft two days, without 
any diminution of the air. Oil of turpentine, 
and efiential oil of mint, abforbed a very fmali 

quantity 
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quantity of alkaline air, but were not fenfibly 
changed by it. 

Ether, however, imbibed alkaline air pretty 
freely j but it v^as afterwards as inflammable as 
before, and the colour was not changed. It 
alfo evaporated as before, but I did not attend 
to this laft circumftance very accurately. 

Sulphur, nitre, common fait, &xidjiints, were 
put to alkaline air without imbibing any part of 
it; hwt charcoal, fpunge, bits of cloth, and 
other fubftances of that nature, feemed to con- 
denfe this air upon their furfaces; for it began 
to dimlnifli immediately upon their being put to 
it ; and when they were taken out the alkaline 
fmell they had contra£led was fo pungent as to 
be almoft intolerable, eJpecially that of the 
Ipunge. Perhaps it might be of ufe to recover 
perfons from fwooning. A bit of fpunge, about 
as big as a hazel nut, prefently imbibed an ounce 
meafure of alkaline air. 

A piece of the infpiflated juice of tiirnfoU 
was made very dry and warm, and yet it im¬ 
bibed a great quantity of the air ; by which 
it contrafted a moft pungent fmell, but the co¬ 
lour of it was not changed. 


Alum 
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Alum undergoes a ver)/ remarkable change by 
the adion of alkaline air. The outward fliape 
and {iz,e remain the fame, but the internal ftruc- 
ture is quite changed, becoming opaque, beau¬ 
tifully v.-hite, and, to appearance, in all refpeds, 
like alum which had been roafted ; and fo as 
not to be at ail affcdted by a degree of heat that 
■would have reduced it to that ftate by roafling. 
This effea is produced llowly ; and if a piece 
or aiunfi be taken out of alkaline air before the 
operation is o^ er, the inlide will be tranfparent, 
and the outfide, to an equal thicknefs, will be a 
■white cruft, 

I imagine that the alkaline r-apour feizes upon 
the u„cer that enters into the conftitution of 
crude alum, and whicn would have been ex- 
pcUed by heat. Roafted alum alfo imbibes al¬ 
kaline air, and, like the raw alum that has been 
expcfed to it, acquires a tafte that is peculiarly 
diftigreeabie. 

gave no light in alkaline air, and 
made no laftrng change in its dimenfions. It 
varied, indeed, a little, being ibmetimes in- 
creafed and fometimes diminiilred, but after a 
day and a night, it was in the fame ftate as at the 
firft. Water abforbed this air juft as if no- 
rhmg had been put to it. 


Having 
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Having put fome fpirit of fait to alkaln'K"- a.h\ 
the air was prcfcnd}’' ahibrbed, and a Sittic ..f 
the Vvhite fait abovementioned was formed. A 
little remained unabforbed, and rranfparent, 
but upon the admiffion of common air to it, 
it inflantly became while. 

Oil of vitriol^ alfo formed a white fait with 
alkaline air, and this did not rife in white fumes. 

Acid air, as I have obferved in my former 
papers, extinguiflies a candle. Alkaline air, on 
the contrary, I was furprizcd to find, isfiightly 
inflammable; which, however, leems to con¬ 
firm the opinion of chemifis, that the volatile 
alkali contains phlogifton. 

I dipped a lighted candle into a tall c}dindri- 
cal veflcl, filled with alkaline air, w'hen it v/ent 
out three or four times fucceflively; but at each 
time the flame was confiderably enlarged, by 
the addition of another flame, of a pale yellow 
colour and at the lafi: time this light flime de- 
fcendeci from the top of the vefiel to the bot¬ 
tom, At another time, upon prefenting a 
lighted candle to the mouih of the fame veffei, 
filled with the fame kind of air, tlie yelluiviih 
flame afeended two inches higher tha.'i tlit flame 
of the candle. The cleiflric Ipark taken in al¬ 
kaline 





Ohjervatlons on 


kaiine m is red, as it is in common inflamm' 
Die air„ 


Though alkaline air be inflammable, it ap- 
peared, by the io.'iowing experimenr, to be 
heavier than tiie common inflammable air, as 
well as to contraoh nc union with it. Into a 
veffcl contauimg a quantity'of inflammable air, 
I put half as much alkaline air, and then about 
the lame quantity of acid air. Thefe immedi- 
ately formed a white cloud, but it did .ot rife 
■within the fpace tnat was occupied bv the in¬ 
flammable air; fo that this latter had kept its 
place above the alkaline air, and had not mhed 
Vv-ith it. 


1 hat alkaline air is lighter than acid air is 
evident from the appearances that attend the 
mixture, which are indeed very beautiful. When 
acid air is introduced into a veifel containing 
alkaline air, the white cloud which they fornt 
appears at the bottom only, and afeends o-radu- 
ally. ^Butwhen the alkaline air is put to the 
acid, the whole becomes immediately clciidv 
quite- to the top of the vefleL 

^ In the lafl place, I fhall obferve that alkaline 
air, as well as acid, difiblves ioe as fall: as a hot 

fire can do it. i'his ivas tried when both the 
kinds of air, and every inftrument madeufe of 
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in the experiment, had been cxpofed to a pret¬ 
ty mtenfe froft feveral hours. In both cafes, 
alfo, the water into hich rhe ice was melted 
diffolved more ice, to a confiderable quantity. 

SECTION 11. 

0 /COMMON Am. dhninijloed and made noxious 
by various procejfes. 

It Will have been obferved that, in the firft 
publication of my papers, I confined myfelf 
chiefly to the narration of the new fadis which 
1 had dilcovered, barely mentioning any hypo- 
thejes that occurred to me, and never feeming 
to lay much ftrefs upon them. The reafon 
why I was fo nruch upon my guard in this re- 
Iped was, lefl, in confequence of attachino- my- 
Iclr to any hypothefis too foon, the fuci^fs of 
my future inquiries might be obll-rtidted. But 
lubfequent experiments having thrown great 
light upon the preceding ones and having 
confirmed the few conjedlures I then advanced, 

I may now venture to fpeak of my hypothefes 
with a little Icfs diffidence. Still, hLever! 

I fhall be ready to relinquifli any notions I may 
now entertain, if new fadls Ihoiild hereafter ap¬ 
pear not to favour them. 


N 
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In a great variety of cafes I have obferved 
that there is a remarkable diminution of com- 
moDj or refpirable air,, in proportion to which 
it is always rendered unfit for refpiration, in- 
dilpofed to^effervefee with nitrous air, and in- 
cajiable of farther diminution from any other 
caufe. The circumilances which produce this 
effecl I had then obferved to be the burnino- of 

O 

candies, the refpiration of animals, the putre¬ 
faction of vegetables or animal fubftances, 
the eifervefcence of iron filings and brimftone, 
the calcination of metals, the fumes of char¬ 
coal, the efiiuvia of paint made of white-lead 
and oil, and a mixture of nitrous air. 

All thefe procefles, I obferved, agree in this 
one circumftance, and I believe in no other, 
that the principlr which the chemifts call pklo- 
gijion is fee loofe; and therefore I concluded 
that the diminution of the air was, in fome 
way or other, the conleouence of the air be¬ 
coming overcharged with phlogifton,* and that 
water, and growing vegetables, tend to reltore 

this 

* On th'.i account, if It was thouglit convenient to In- 
sfodtjce a new term (or rather make a new application of 
a term already in ufe among chemifts) it might not be a- 
nii;s ic call air that has been diminilhed, and made noxious 
by any of the procelTes above mentioned, or others fimilar 
tv-n. i,v the common appellation ol phlogifiicated air i 

and. 
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this air to a ftate fit for relpiration, by im¬ 
bibing che fuperfluoiis phlogifton. Several ex¬ 
periments which I have fince made tend to con¬ 
firm this fuppofition. 

Common air, I find, is diminifhed, and ren¬ 
dered noxious, by liver of fdphur, which the 
chemifts fay exhales phlogifton, and nothing 
elfe. The diminution in this cafe was one 
fifth of the whole, and afterwards, as in other 
fimilar cafes, it made no eftcrvcfcence with ni¬ 
trous air. 


found alfo, after Dr. Hales, that air is di- 
mini.’hed by Hombe'ig's pyrophorus. 

1 he liune effedt is produced by firing oyin- 
poivder in air This I tried by firing tfic gun¬ 
powder in a receiver haif exhaufted,!^’/ a hich 
the air was rather more i ijured than it would 
have been by candles buruLig m it. 


Air is dimmilhed by a cement made wdtii one 
half cominon coarfe turpentine and haT bees¬ 
wax. I his was the refult of a very cafual ob- 


and, ifn was neceffary, the particular yrocefs bwvbichft 
was phlog,ft,cated might be added ; as comm^'air ph!o- 
giihcated by charcoal, air phlogifticated by thecalcinatiou 
phu7 S’ »«'P>>Iog'fticated with the liver of ful.. 

N ?, 


fefvation'. 



1 So Qljh’vations on 

fervation. Having, in an air-pump of Mr, 
Smeaton’s conftrudion, clofed that end of the 
fyphon-gage, which is expoied to the outward 
air, with this cement (which I knew would 
make it perfedly air-light) inftead of fealing it 
hermetically ; 1 obferved that, in a courle of 
time, the quickfilver in that leg kept conti¬ 
nually rifmg, fo that the meafures I marked 
upon it were of no ufe to me; and when I 
opened that end of the tube, and clofed it 
again, the fime confequence always took place. 
At length, fufpecling that this efFefl muft have 
arifen from the bit of cement diminilhing the air 
to which it was expofed, I covered all the infide 
of a glals tube with it, and one end of it be¬ 
ing quite clofed with the cement, I fet it per¬ 
pendicular, with its open end immerfed in a 
bafon ot quickfilver j and was prefently fatis- 
fied that my conjedure w'as well founded : for, 
in a few days, the quickfilver rofe fo much 
within the tube, that the air in the infide ap¬ 
peared to be dlminiflied about one fixth. 

To change this air I filled the tube with 
quickfilver, and pouring it out again, I re¬ 
placed the tube in its former fituation j when 
the air w^as diminilhed again, but not fo fall: as 
before. The fame lining of cement diminifli- 
ed the air a third time. How long it will re¬ 
tain this power I cannot tell. This cement had 

been 
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been made feveral months before I made this 
experiment with it. I mu ft obl'eive, liowever, 
that another quantity of this kind ol cement, 
made tvitli a finer and m.ore liquid turpentine, 
had not the power of diminillliing air, except 
in a wry imali proportion, Alfo the com.mon 
red cement itas this property in the lame fmall 
degree. Common air, however, which had been 
confined jn a glals vefici lined with this cement 
about a month, was id far injured tbatacandic 
would not burn m it. In a longer tim.e it 
would, I doubt not, have become thoroughly 
noxious. 

Iron that has been fulfered to ruft in nitrous 
air diminifnes common air very faft, as I lhall 
have cccafion to mention when I give a con¬ 
tinuation of my experiments on nitrous air. 

Laftly, the fame I find, is produced 

by the elcSiric [park, though I had no exptfta- 
tion of this event when I made the experiment. 

This experiment, however, and thofe which 
I have made in purfuance of it, has fully con¬ 
firmed another of my conjedtures, which re¬ 
lates to the manner in which air is diminlllicd 
by being overcharged with phlogifton, viz. the 
phlogifton having a nearer affinity with fome of 
the conftituent parts of the air than the fixed 

N 3 air 
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air which enters into the compoiition of it, in 
confequence of which the fixed air is precipi¬ 
tated. ^ 

This I firft iroagined from perceiving that 
lime-water became turbid by burning candies 
over It, p. 44. This was aifothe cafe with lime- 
water confined in air in which an animal fub- 
ftance was putrefying, or in which an animal 
led, p. ancj dj^^t in which charcoal was 
urned, p. 01. Bur, in all thefe cafes, there 
t^as a pofiibdity of the fixed air being dif- 
charged from the candle, the putrefying fub- 
ftance, the lungs of the animal, or the char¬ 
coal. I hat there is a precipitation of lime 
•when nitrous air is mixed with common air, I 
had not then obferved, but I have fince found 
it to be the cafe, 


That there was no precipitation of lime v/hen 
brimftone was burned, I obferved, p. 4_^. 
might be owing to the fixed air and the lime 
uniting with the vitriolic acid, and making a 
fait, which was foluble in water; which fkk 
I, indeed, difeoyered by the evaporation of the 
"Wat^r. ' ' 

_ I alfo obferved, p. 46, 105. that diminifhed 
air being rather lighter than common air is a 
c’rcymftance in favour of the fixed, or the 

heavier 





Common Air made noxiom. iSj 

heavier part of the common air, having been 
precipitated. 

It was upon this idea, together with others 
fimilar to it, that I took fo mucii pains to mix 
fixed air with air diminilhed bp refpiration or 
putrefadtion, in order to make it fit for refpira- 
rion again ; and I thought that I had, in gene¬ 
ral, fucceeded to a cop.liderahle degree, p. 99, 
&c. I will add, aifo, what I did not mention 
before, that I once endeavoured, bur without 
effedt, to preferve mice alive in the lame un¬ 
changed air, by fupplying them with fixed air, 
when the air in w'hich they were confined began 
to be injured by their refpiration. Without 
efFed:, alfo, I confined for fome months, a 
quantity of quick lime in a given quantity of 
common air, thinking it might extradf the fixed 
air from it. 

The experiments which I made with elec¬ 
tricity were folely intended to afccrtaln what 
has often been attempted, bur, as far as I 
know, had never been fuily accompliflied, viz. 
to change the blue colour of liquors, tinged 
with vegetable juices, red. 

For this purpofe I made ufe of a glafs tube, 
about one tenth of an inch diameter ir; theinfide, 
as in fig. 16. In one end of tliis I cemented 
N 4 a piece 



^piece of wire h, on which I put a brafs ball, 
llie lower part from a was filled with water 
tinged L.lue, or rather purple, with the juice of 
turnfo.e, or archil. This is eaiiiy done b>' an 
an-pump, the tube being fet in a vcflel of the 


I h-ng". being thus jirepared, I perceived that, 
after';, ad laktn the dcclric fpark, bet>\een 
t.-e wire n, and the liquor at about a minute, 
ta- uqper pait at n began to look red, and in 
about t-.vo rn!.;ui..-s it x^as very manii'eHlv fo,* 
and i-e iect p.rt, v'hich was about a quarter of 
anjnrn in lei.gih, chd not rcaddy mix with the 
relc or the liquor. I obferved alfo, that if 
the tube by inclined while I took the fparks, 
the rednefs extended twice as far on die 'lower 
lice as on the u|)per. 


Themoft important, though the leafl: expedl- 
edebfervation,however, was that, in proportion 

as the liquor became red, it advanced nearer to 
^ the wire, fo that the fpace of air in which tlie 
iparks werctaxen w'as diminilLed ; and at length 
I founci that the diminution was about one fifth 
of the whole fpace ; after which more elecflrify- 
ing produced no fenfibie effed. 


To determine whether the caufe of the chanae 
of colour was in the a/r, or in the eleSrk 

matter^ 
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matter, I expanded the air which had been di- 
nriniihed in the tube by means of an air-pump, 
till it expelled ail the liquoi, and admitted frelh 
blue liquor into Its place j but after that, eiediri- 
city produced no fcnlible efiefb, either on the 
air, or on the liquor; fo that it was evident 
that the clictric niattcr had decompofed the air, 
and had made ic depofite fomething that was of 
an acid nature. 

In order to determine whether the ttwr had 
contributed any thing to this efledf, I ufed wires 
of diflx-ient metals, iron, copper, brafs, and 
filver I but the refult was the very fame with 
them all. 

It was alio the fame when, by means of a 
bent glafs rube, I made tJie eleiSlric ii'iark with¬ 
out any wire at all, in the following’ manner. 
Each leg of the tube, %. ^9. flcod hi a bafon 
of quickfilvtr ; which, by means of an air- 
pump, ’was mace to afeend as high as a, a, in 
each leg, while the fuace between a and h in 
each contained the blue liquor, and the fpace 
between Z-and contained common air. Things 

O 

being thus diqx/fed, I made the eledlric fjiark 
perform the circuit from one leg to the other, 
palling irotn the liquor in one leg of the tube 
to the liquor in the other leg, through the Ipace 
of air. The elFed was, that the liquor, in 

both 
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both the legs, became red, and the Ipace of air 
between them tvas contracted, as before. 

Air thus diminifhed by electricity makes no 
cfFervefcence with, and is no farther diminifhed 
by a mixture of nitrous air; fo that it muft 
have been In the higheil degree noxious, exadtly 
like air diminifhed by any other procefs. 

In order to determine what the acid was, 
which rvas depofited by the air, and which 
changed the colour of the blue liquor, I expofed 
a fmall quantity of the liquor fo changed to 
the common air, and found that it recovered 
its blue colour, exaCtly as water, tinged with 
the fame blue, and impregnated with fixed air, 
will do. But the following experiment was flill 
more decifive to this purpofe. Taking the 
cledtric fpark upon lime-zvaler, inftead of the 
blue liquor, the lime was precipitated as the air 
.. diminifhed. 


From thefe experiments it pretty clearly fol¬ 
lows, that the elecflric matter either is, or con¬ 
tains phlogifton; fince it does the very fame 
thing that phlogifton does. It is alfo probable, 
from thefe experiments, that the fulphureous 
fmell, which is occafioned by eleftricity, being 
very different from that of'fixed air, the phlo¬ 
gifton 
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gifton in the ekdlric matter itfeif may contribute 
to it. 

It was now e/ident that common air dimi- 
niflied by any Oiie of the ’'rocelies abctvernen- 
tioned oeing the fame things as L have obiervcd, 
with air dirniniilied by any other of ihcin (finco 
it is not liable to be farth.-r ciiminiiljcd by any 
other) the icls which k ft;l:i)iiSj in al’ irt cafes, 
isj lu part, that of riv- f.utd air wiac’ r .‘ertJ 
into its conilit’jtion, 'i’hc 'Ixeu air d;;;;-- pre¬ 
cipitated from common air by means cf yiilo- 
gifton unites with lime, if any lime water be 
read)f to receive it, unlefs there be ibme other 
fubllance at hand, with which it has a greater 
ainnity, as the cakes of metals. 

If the whole of the diminution of common 
air was produced by the depofition of fihcd air, 
it would be eafy to afeertain the quamity of 
fixed air that is contained in any given rpiantity 
of common air Eut it is evident that the 
whole of the diminution of common air by 
phlogiflon is not owdng to the precipitation of 
fixed air, bccaule a mixture of nitrous air will 
make a great diminution in all kinds of air 
that are fit for reipuanon, even though they 
never were common air, and though nothing 
was ufed in the procels for generating them that 
can be fuppofed to yield fixed air. 

Indeed, 
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Indeed^ it appears^ from fome of the experi¬ 
ments, that the diirinution of fome of thefe 
kinds of air by nitrous air is fo great, and ap¬ 
proaches fo nearly to the quantity of the aiini- 
nution of common air by the fame procefs, as 
to lliew that, unlefs they be very differently 
affedted by phlogiflon, very little is to be ah 
lowed to the lofs of fixed air in the diminution 
of common air by nitrous air* 

The kinds of air on which this exocriment 

i. 

was made were inflammcDle air, nitrous air 
diminiihed by iron filings and briniione, and 
nitrous air itlelf ^ ail of which are produced by 
the foliition of metals in acids; and alfo on 
common air diminiflied and made noxious, and 
therefore deprive'! of its fixed air by phlogiftic 
procefies ; and they were reftored to a great 
degree of purity by agitation in water, out of 
which its own air had been carefully boiled. 

To five parts of inflammable air, which had 
been agitated in water till it was diminiflied 
about one half (at which time part of it fired 
with a weak explcfion) I put one part of nitious 
air, which diminiflied it one eighth ot tliC whole. 
This was done in lime-water, without any pre¬ 
cipitation of lime. To compare this with com¬ 
mon air, I mixed the fame quantity, viz five 
parts of this, and one part of nitrous air: when 

a con- 
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confiderable cruil of lime was formed upon, 
the furface of the lime water, though the dimi¬ 
nution was very little more than in the former 
procefs. It is poffible, however, that the com¬ 
mon air might have taken more nitrous air 
before it was fully faturated, fo as to begin to 
receive an addition to its bulk. 

I agitated in water a quantity of nitrous air 
phlogifticated vvlcliiron filings and brimRone,, 
and found it to be fo far rellored, that three 
fourths of an ounce meafure of nitrous air beino- 
put to two ounce meafures of it, made no ad"^. 
dicion to it. 

But the nioR remarkable ofthefe experiments 
is that which I made with ah itfdf vdfich 
I had no idea ot the poffibiiity of rcdiu ir.g to 
a ftate fit for rcipiration by any proccl.s what¬ 
ever, at the time of my former publication on 
this fubjedt. This air, however, itlclf, without 
any previous phlogiRication, is purified by agi¬ 
tation in water rill it is diminifhed by frdh 
nitious air, and to a very confiderable clep-ice. 

In a pretty long time I agitated nitroui air in 
water, fupplying it from time to time with 
more, as the former quantity diminiflied, till 
only ^ one eighteenth of the whole quantity 
remained ; in which ftate it was fo wliolefome, 

that 
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that a monfe Jived in two ounce meafures of it 
fnore than ten minutes, without ihcwing any 
fign of uneafinefs; fo that I concluded it muft 
have been about as good as air in which 
candles had burned out. After agitating it 
again in water, I put one part of frelh nitrous 
air to five parts of this air, and it was dimi- 
nifned one nint h jiart. I then agitated it a third 
tune, and putting more nitrous air to it, it was 
diminifhed again in the fame proportion, and fo 
a fourth time ; fo that, by continually repeating 
the prccefs, it would, I doubt not, have been 
ali ahforbed. Thefe proceiTes were made in 
limt-water, without forming any incruftadoil 
on the furfdce of it. 

Laflly, I took a quantity of common air, 
\vhich had been diminifhed and made noxious 
by phiogiftic procefics; and when it had been 
agitated m water, 1 found that it v/as dimi¬ 
nifhed by nitrous air, though not fo much as it 
would have been at the firff. After cleanfing 
it a fecond time, it was diminifhed again by the 
fame ntcans t and, after that, a third tithe ; and 
thus th.-re can oe no doubt but that, in time, 
the whole quantity w'ould have difappeared. 
For I have never found that agitation in water, 
deprwed of its own air, made any addition to 
a quantity of noxious air ; though, a priori, it 
might have been imagined that, as a faturation 

with 
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with phlogifton diminiflies air, the extraction of 
phlogifton would increafe the bulk of it. On 
the contrary, agitation in wafer always dimi- 
nifhed noxiuus air a little j indeed,' if ivater be 
deprived of all its own air, it is impoffible to 
agitate any kind of air in it without feme lofs. 
Alfo, wiien noxious air has been reltored by 
plants, I never perceived that ic gained rny 
addition lg its bulk bv chat. :.;v.Uus. There v.-as 
no incruilatio;! ui tl'.o iinie-v’at.e! ai the above- 
mentioned expeidiicnt 

It is hot a little remarkable, that thofe kinds 
of air which never had been common' air, as 
inflammable air, phlogiilicared nitrous air, and 
nitrous air itfelf, when rendered wholefbme by 
agitation in water, llrof.ld be rmre dimhiilhed 
by freili nitrous air, than common air which 
had been made noxious, and reftored by the 
fame procefs; and yet, from the few trials that 
I have made, I could not help concluding that 
this is the cafe. 

In this couife of experiments I was very near 
deceiving myfelf, in confequence of transferring 
the nitrous air which I made ufe ©f in a blad¬ 
der, in the manner deferibed, p. 15. fig, 9. fo 
as to conclude that xhere was a precipitation of 
lime in all the above-mentioned cafes, and that 
even nitrous air itfelf produced that effedt. But 

after 
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after repeated trials, I found that there was no 
precipitation of Itme, except in the firft dimi¬ 
nution of common air, when the nitrous air 
was transferred in a glafs veflel. 

That the calces of metals contain air, of fome 
kind or other, and that this air contributes to 
the additional weight of the calces, above that 
of the metals from which they are made, had 
been obferved by Dr. Hales; and Mr. Hartley 
had informed me, that when red-lead is boiled 
in linieed oil, there is a prodigious difeharge of 
air before they incorporate. I had iikewife 
found, that no weight is either gained or loft 
by the calcination of tin in a clofe glafs veftel; 
but I purpofely deferred making any more 
experiments on the fubjeef, till we ihould have 
fgme weather in which I could make ufe of a 
large burning lens, wdiich I had provided for 
that and other purpofes -, bur, in the mean 
time, I was led to the difeovery in a different 
manner. 


Having, by the laft-re cited experiments, been 
led to confider the eledlric matter as phlogifton, 
or fomething containing- phlogifton, I was en¬ 
deavouring to revivify the calx of lead v/ith it j 
when I "was furprized to perceive a confiderable 
generation of air. It occurred to me, that pof- 
llbly this effedf might arife from the heat com¬ 
municated 
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fnunicated to the red-lead by the electric fparks, 
and therefore I immediately filled a fmall phial 
with the red-lead, and heating it with a candle, 
I prefently expelled from it a quantity of air 
about four or five times the bulk of the lead, 
the air being received in a veffel of quickfilver. 
How much more air it would have yielded, I 
did not try. 

Along with the air, a fmall quantity of ivaier 
was likewife thrown out j and it immediately 
occurred to me, that this water and air together 
mull: certainly be the caufe of the addition of 
weight in the calx. It Hill remained to exa¬ 
mine what kind of air this was ; but admitting 
water to it, I found tliat it was imbibed by it, 
exactly like fixed air, which I therefore imme¬ 
diately concluded it mull be 

After this, I found that Mr. Lavoificr had 
completely difeovered the fame thing, though 
his apparatus being more complex, and lefs 

Here it becomes me to aik pardon of that excellent 
philofopher FatherBeccaria of Turin, forconjeduring that 
the phlogifton, with which he revivified metals, did not 
come from the eledric matter itfelf, but from what was 
difeharged from other pieces of metal with which he made 
the experiment. SeeHiUcry ofEIedlricity, p. 277, &c. This 
r^^i^jificaiion of metals by eledliicity completes the proof of 
the elediic matter being, or containing phlogiflon. 
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accurate than mine, he concluded that more of 
the air difcharged from the calces of metals 
was immifcible with water than I found it to 
be. It appeared to me that I had never ob¬ 
tained fixed air more pure. 


It being now pretty clearly determined, that 
common air is made to depofit the fixed air 
which entered into the coniiitution of it, by 
means of phlogifton, in all the caies of dimi- 
niflied air, it will follow, that in the precipi¬ 
tation of lime, by breathing into lime-water 
the fixed air, which incorporates with lime, 
comes not from the lungs, but from the com¬ 
mon air, decompofed by thephlogiflon exhaled 
from them, and difcharged, after having been 
taken in with the aliment, and having per¬ 
formed its fundlion in the animal fyftem. 

Thus my conjedurc is more confirmed, that 
the caufe of the death of animals in confined 
am is not owing to the want of any pabuhm 
which the air had been fuppofed to con¬ 
tain, but to the want of a dil'charge of the 
phlogiftic matter, with which the fyftem was 
loaded; the air, when once faturated with it, 
being no fufficient tnenjiriium to take it up. 

The inftantaneous death of animals put into 
air fo vitiated, I Hill thilik is owing to, fome 

JlimidiiSy 
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Jlimulus, which, by caufing immediate, univer- 
fal and violent convullions, exhaulls the whole 
of the vis vita at once; becaufe, as I have ob- 
fcrvedj the manner of their death is the very 
fame in all the different kinds of noxious air. 

To this fedlion on the fubjedt of diminifli- 
ed, and noxious air, or as it might have been 
phlogijikated air, I fliall fubjoin a letter 
which I addreffed to Sir John Pringle, on the 
noxious quality of the effluvia of putrid marfhes, 
and which was read at a meeting of the ExDyal 
Society, December i6, 1773. 

This letter which is printed in the Philofophi- 
cal TranfaCiions, Vol. 74, p. 90. is immediate¬ 
ly followed by another paper, to which I would 
refer my reader. It was written by Dr. Price, 
wiro has fo greatly diftinguiffled himfelf, and 
clone fuch eminent fervice to his country, and 
to mankind, by his calculations relating to the 
probabilities of human life, and was fuggefted 
by his hearing this letter read at the Royal So¬ 
ciety. It contains a confirmation of my obfer- 
vations on the noxious effedts of fiagnant waters 
by dedudtions from Mr. Mu'ret’s account of the 
Bills of Mortality for a parifii fituated among 
marflies, in the dillridt of Vaud, belonging to 
’he Canton of Bern in Switzerland. 
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To Sir J O H N P RI N G L E, Baroner. 

DEAR SIR, 

Having pvirfued my experiments oh difFereni 
kinds of air confiderabiy farther, in feveral re- 
fpetls, than I had done, when I prefentcd the 
laft account of them to the Royal Society 1 
and being encouraged by the favourable notice 
which the Society has been pleafed to take of 
them, I lliall continue my communications on 
this fubjedl; but, without waiting for the re- 
fult of a variety of procefles, which I have 
now going on, or of other experiments, which 
I propofe to make, I tiiall, from time to time, 
communicate fuch detached articles, as I fiiall 
have given the moft attention to, and with re- 
Ipedt to w'hich, I fhall have been tlie moft fuc- 
cefsful in my inquiries. 

Since the publication of my papers, I have 
read two treatifcs, wiitten by IDr. Alexander, 
of Edinburgh, and am exceedingly pleafed 
with the fpirit of philofophical inquiry, which 
they dlfcover. They appear to me to contain 
many new, curious, and valuable obfervations i 
but one of the conclufion:^ which he draws 

from his experiments, I am fatisfied, from my 

own 


Air from putrid Marfbes. 


197 


own obferv^arlons, is ill founded^ and from the 
nature of it, mufl be clangerciis- I mean his 
maintaining, that there is nothino; to be an- 
prciiended from the neighbourhood of putrid 
niarflies. 

I was particularly furprifed, to meet tfith 
fuch an opinion as this, in a book inferibed to 
youiielf, who ha\''e io clearly explained the 
great milchief of lucli a htuation, in your ex¬ 
cellent tieatiie 0}i the difiajes of ths ciTTiiy, On 
this account, I have thought it not improper, 
to addrefs to you the following obfervations 
and experiments, which I think clearly demoiir 
ftrare the fallacy of Dr. Alexander’s reafon- 
ing, indifputably eftabliih your doiflrine, and 
indeed juihfy the apprchenfions of all manicind 
in this cafe. 

I think it probable enough, that putrid mat¬ 
ter, as Dr. Alexander has endeavoured to 
prove, will preferve other fubftances from.pu- 
trdhaion ; becaufe, being already faturated 
with the putrid efHuviu.m, it cannot readily 
take any more; but Dr. Alexander was not 
aware, that air thus loaded with putrid efllu- 
vium is exceedingly noxious when taken into 
the lungs. I have lately, however, had an op¬ 
portunity of fully alcertaining how very noxious 
fuch air is. 

^ 3 Hap- 
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Happening to ufe at Caine, a much krgei 
trough of v/ater, for the purpofe of my expe¬ 
riments, than I had done at Leeds, and not 
having freih water fo near at hand as I had 
there, I neglefted to change it, till it turned 
black, and became olFenfive, but by no means 
to fuch a degree, as to deter me from making 
ufe of it. In this ftate of the water, I ob- 
ferved bubbles of air m rife from it, and efpe- 
cially in one place, to which fonie Ihelves, 
that I had in it, dircdled them ; and having 
fet an inverted glafs veliel to catch them, in a 
few days I collected a confiderable quantity of 
this air, which iii'ued fpontaneoully from the 
putrid water; and putting nitrous air to it, I 
found that no change of colour or diniinution 
enfued, fo that it muft have been, in the high- 
eft; degree, noxious. I repeated the fame ex¬ 
periment feveral times afterwards, and always 
with the fame refult. 

"'After this, I had the curiofity to try how 
wholefome air would be affefted by this water; 
when, to my real furprife, I found, that after 
only one minute’s agitation in it, a candle v/ould 
not burn in it; and, after three or four mi¬ 
nutes, it w'as in the fame ftate with the air, 
which had ifllied Ipontaneoufly from the fame 
water. 


lalfo 
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I alfo found, that common air, confined in a 
o-lafs veiTel, in contaEl only with this water, 
and without any agitation, would not admit a 
candle to burn in it after two days. 

Thefe faas certainly demon ftrate, that air 
which either arifes from ftagnant and putrid 
water, or whicli has been for Ibme time in con¬ 
tact with ir, mu!l be very unfit lor refpira- 
tion ; and yet Ur. Alexander’s opinion is ren¬ 
dered fo plaufibk by his experiments, that it is 
very poffible that many perlbns may be render¬ 
ed I'ecure, and thoughtlefs of danger, in a fi- 
tuation in which they rnufl. ncceflarily breathe 
it. On this account, I have thought it right to 
make this communication as cardy as I conve¬ 
niently' could and as Dr. Alexander appears 
to be an ingenious and benevolent man, I doubt 
not but he will thank me for it. 

That air ifiliing from water, or rather from 
the foft earth, or mud, at the bottom of pits 
containing water, is not always unwholelbmc, 
I have alfo had an opportunity of afeertaining. 
Taking a walk, about two y^'ears ago, in the 
neighbourhood of Wakefield, in Yorkfliire, I 
obferved bubbles of air to arife, in remarkably 
great plenty, from a fmall pool of water, which, 
upon inquiry, I was informed had been the 
place, where fome perfons had been boring the 

O 4 ground? 
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ground, in order to find coal. Thefe bubbles of 
air having excited my curiofity, I prefently re¬ 
turned^ with a bafcn^ and other vfiTels proper for 
my purpcfe, and having ftirred the mud with 
a long ftick, I loon got about a pint of this 
air; and, examining it, found it to be good 
common air; at leaf, a candle burned in it 
very well. I had not then difcovcred the me¬ 
thod of afcertaining the goodncfs of common 
air, by a mixture of nitrous air. Previous to 
the trial, I had lufpcdled that this air v/ould 
have been found to be inflammable. 

I fhall conclude this letter with obferving, 
that I have found a remarkable difference in 
diffeient kinds of water, with relj^ect to their 
effedl on common air agitated in them, and 
which I am. not yet able to account for. If I 
agitate common air in the w^cer of a deep well, 
near my houie in Caine, which is hard, but 
clear and iweet, a candle v/ill not burn in it 
after three minutes. The fame is the cafe with 
the rain-water, which I get from the loof of 
my home. But in diftilled water, or the water 
of a fpringwvell near the houfe, I mull agitate 
the air about twenty minutes, before it will be 
fo much injured. It may be worth while, to 
m.ake farther experiments with refpefi: to this 
])roperty of water. 


In 
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In ccnfeqiience of ufing the rain-wnter, and 
the well-water above mentioned, I was very 
near concluding, contrary to tvhat 1 have af- 
ferted in this treacife, that common air fuf- 
fers a decompofition by great rarefaftion. 
For when I had coilcfSled a confiderablc quan¬ 
tity of air, which had been rarefied about four 
hundred times, by an excellent pump made tor 
me by Mr. Smeaton, I alwa} s found, that 
if I filled my receivers with the water above 
mentioned, though I did it fo gradually as to 
occafion as little agitation as pofliblc, a candle 
would not burn in the air that remained in them. 
But when I ufed difliiled water, or freilt fjM'ing- 
vvater, I undeceived mj'felf. 

I think myfelf honoured by the attention, 
which, from the firli, you have given to my 
experiments, and am, with the greatefi; refpedt, 

Dear Sir, 

Your moft obliged 

Humble Servant, 

London, 7 Dec. 1773. 


J. PRIESTLEY. 
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POSTSCRIPT. 

I cannot help exprcffing my furprize, that 
fo clear and intelligible an account, of Mr. 
Smeaton’s air-pump, fliould have been before 
the public fo long, as ever fince the publication 
of the forty-feventh volume of the Philofophi- 
cal TranfaftionSj printed in 1752, and yet that 
none of our philofophical inftrument-matets 
fliould life the conftrudtion. The fuperionty 
of this pump, to any that are made upon the 
common plan, is, indeed, prodigious. Few of 
them vdll rarefy more than too times, and, in 
a general way, not more than 60 or 70 times; 
■whereas this inftrument muft be in a poor ftate 
indeed, if it does not rarefy 200 or 300 times; 
and when it is in good order, it will go as far as 
1000 times, and lometimcs even much farther 
than that; belides, this inftrument is worked 
■with much more eafe, than a common air- 
pum,p, and either eshaufts or condenfes at plea- 
fure. In fiicrt, to a perfon engaged in philo¬ 
fophical purfuits, this inftrument is an invalu¬ 
able acquifition. I fliall have occafion to recite 
fomc experiments, which I could not have made, 
and which, indeed, I Ihould hardly have dared 
to attempt, if I had not been pbHefled of fuch 
an air-pump as this. It is much to be vviihed, 
rhat fame srfon of fpirit in the trade would at¬ 
tempt 
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^empt the conftrnction of an nulr 
would do gieac credit to hinhelt, 
of eminent fervice to philoiophy. 


ao3 

ument, which 
as V. ell as be 


SECTION in. 


Of Nitrous Air. 


Since the publication of my former papers 
I have given more attention to the lubject of 
nitrous air than to any other fpecies of air ; and 
having been pretty fortunate in my inquiries, 
I fliall be able to lay before my reader a more 
fatlsfactory account of the curious phenomena 
occafioned by it, and alio or its nature and 
conllitution, than I could do before, though 
much fcill remains to be invelllgated concerning 
it, and many new objeifls of inquiry are 
Halted. 


With .-a view to difeover where the power of 
nitrous air to dlminifli common air lay, I eva¬ 
porated to clryuefs a quantity of the lolution of 
copper in diluted fpirit of nitre; and having 
procured from it a quantity of a green preci¬ 
pitate, I threw the focus of a burning-gla|s 
upon it, when it was put into a veffel ofquick- 
filver, Handing inverted in a bafon of quick- 
Hlver. In this manner I procured air from it, 

which 
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\\hich appeared to be, in all refpefts, nitrous 
air ; lo that part of the fame principle which 
had efcaped during the folution, in the form of 
i?/V, had hkewife been retained in it, and had 
not left it in the evaporation of the water. 

ith great difEculty I alfo procured a fmall 
quantity of the fame kind of air from a folu¬ 
tion of iron in fpirit of nitre, by the fime pro- 
eels. 


Having, for a cliiTerent purpofc, fired fome 
paper, wnich had been dipped in a foliirion of 
coppc-T in diluted Ipint or nitre, in nitrous air, 
I found tiiCte was a confiderable addition to the 
quantity of it; upon which I fired fome of the 
iaine kind of paper in quickfilver and prefently 
obfci vcd tnat air was produced from it in great 
plenty. This air, at the firft, feemed to have 
lonie fingiilar properties, but afterwards I found 
that it was nothing more than a mixture of ni- 
iTCUs air, from the precipitate of the folution, 
and of inflammable air, from the paper j but 
tiiat rherormer wab piedominanr. 

In the mixture of this kind of air with com- 
air, in a trough of water which had been 
putrid, but which at that time feemed to have 
recovered its former fweetnefs (for it was not in 
ihc leail degree ofFenfive to the fmell) a ph eno- 

menoB 
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tnenon fometimes occurred, which for a lono- 
time exceedingly delighted and puzzled me ; 
but which was afterwards the means of lettincr 

O 

me fee much farther into the conflitution of ni¬ 
trous air than I had been able to fee before. 

When the diminution of the air was nearly- 
completed, the veflel in which the mixture was 
made began to be filled with the moil beautiful 
white fumes, exadly refemblingthe precipitation 
of fome white fubftance in a tranfparent men-, 
ftruum, or the falling of very fine fnow ; ex¬ 
cept that it was much thicker below than above, 
as indeed is the cale in all chemical precipita¬ 
tions. This appearance continued two or tiirec 
minutes. 

At other times I went over the futie procefs, 
as nearly as poffiblc in the fame manner, but 
•without getting this rem.arkable appearance, and 
was feveral times greatly uifappointed and cha¬ 
grined, when I baulked the expectations of my 
friends, to whom I had deferibed, and meant to 
have fliewn it. This made me give all the at¬ 
tention I poffibly could to this experin:ent, en¬ 
deavouring to recolledt every circumftancc, 
which, though unlufpedted at the time, might 
have contributed to produce this new appear¬ 
ance ; and 1 took a great deal of pains to pro¬ 
cure a quantity of this air from the paper 

above 
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above mentioned for the purpefe^ which, with 
a fmall burning lens, and an uncertain fun, is 
not a little troublefome. But all that I obferved 
for fome time was, that I flood the bell chance 
of fucceeding when I zvarmed the veflcl in which 
the mixture was made, and agitated the air du- 
rinc^ the ciFervdcciice. 

o 

Findins, at length, that, with the fame 
preparation and attentions, I got the fame ap¬ 
pearance fronr a mixture of nitrous and com¬ 
mon air ill the fame trough of watei, I coii- 
C'l.'de.l that it coo’d not cicpend upon any 
ihmg p-ecLi’.iar to the precipitate of tht copper 
coran end in theprtp.v from vrhich the air was 
pn.'cu.rd, ns 1 hau athdV imagined, but upon 
■uhc.c V. rs c.^!mucn to it, and pure nitrous 

hav]n2:3 (wirh a view to obferve 
uhedn:r aire cryilais would te formed by the' 
union oi Vvjictiie alleab, and nitrous air, fimiiar 
10 :lu ie forened by ir and fixed air, as defcribed 
by Mr. Srn-t!! in liis fy^ertatiun on jked jRr) 
opened the mouth tcf a plfal which was half 
filled Vvirh a volatile alkaline liciuor, In ajar of 
nitrous air (in the manner deferibed p. ii» 
4.) ^ appearance which pcrfedly 

exolain'd ti’.o preceding, A^ll that part of the 
phial wdiich was above the liquor, and which 

contained 
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contained common air, was filled with beaud- 
fill zvhite clouds^ as if fonie fine white po\^"der had 
been infiantly thrown into it, and fome ofthefe 
clouds rofe within the jar of nitrous air. This 
appearance continued about a minute, and then 
inrirely difappeared, the air becoming tranipl- 
rent- 

Withdrawing the phial, and expofing it m 
the common air, it there alfo became tiu'bid,, 
and foon after the rranfparency returned. In- 
tTcducing it again into the nitrous air, the 
cloitds appeared as before. In this manner the 
white fumes, and tranlparency, fucceeded each 
other alternatel3% as oi'ten as I cliofe to lepeat 
the experiment, and would no cioubt ha\e con¬ 
tinued till the air in the jar had been thoroughly 
diluted with common air* T.hefe appeal ances 
were the fame with any fubftance that con.taine<<, 
volatile alhali^ fluid or folid. 

When, inflead of the fniall phial, I ufed a 
larp-c and tall glafs jar, this appearance was. 
truly fine and firiking, efpecially when the wa¬ 
ter in the trough was very tranfparent. For I 
had only to put the fmallcfl; drop of a volatile 
alkaline liquor, or the fmalleft bit of the folid 
flic, into the jar, and the^ moment that the 
mouth of it was opened in a jar of nitrous 
air, the white clouds above mentioned began to 
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be formed at the mouth, and prefently de> 
feended to the bottom, fo as to fill the whole, 
were it ever fo large, as with fine fnow. 

In confidering this experiment, I foon per¬ 
ceived that this curious appearance m.uft have 
been occafioned by the mixture of the nitrous 
and common air, and therefore that the white 
clouds muft be nitrous ammoniac, formed by the 
acid of the nitrous air, fet loofe in the decom- 
pofiticn of it by common air, while the phlo- 
gifton, which mull be another confiituent part 
of nitrous air, entering the common air, is the 
caufe of the diminution itfnffers in this procefs; 
as it is the caufe of a fimilar diminution, in a 
variety of other proceiles. 

I would obferve, that it is not peculiar to ni¬ 
trous air to be a teft of the fitnefs of air for re- 
fpiracion. Any other procefs by which air Is 
dirninifiaed and made noxious aUfwcrs the fame 
purpofe. Liver of fulphur for inftance, the 
calcination of metals, or a mixture of iron 
filln.gs and brimitone will do juft the fame 
thing ; but the application of them is not ,fo 
eafy, or elegant, and the effedl is not fo foon 
perceived. In faff, it is phhgijlon that is the 
teft. If the air be fo loaded with this principle 
tltat it can take no more, which is feen by its 
no: being diminiflied in any of the proceifes 

above 
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above mentioned, it is noxious; and it is whole- 
Ibme in proportion to the quantity of phlogiftori 
that it is able to take. 

This, I have no doubt, is the true theory of 
the diminution of common air by nitrous air, 
the rednefs of the appearance being nothing 
more than the ufuai colour of the fumes of 
fpirit of nitre, which is now diferigaged from 
the fuperabtindant phlogifton with which it 
was combined in the nitrous air, and ready to' 
form another union with any thing that is at 
hand, and capable of it. 

With the Volatile alkali it forms nitrous am¬ 
moniac, water imbibes it like any other acid, 
even quickfilver is corroded by it; but this 
adtion being flow, the rednefs in this mixture of 
nitrous and common air continues much lonoer 
when the procefs is made in quickfilver, than 
when it is made in water, and the diminution, as 
I have alio obferved, is by no means fo great. 

I was confirmed in this opinion when I put 
a bit of volatile alkaline fait into the jar of 
quickfilver in which I made the mixture of 
nitrous and common air. In thefe circum- 
ftaiiccs, the veflcl being prevloufly filled with 
the alkaline fumes, the acid immediately joined 
them, formed the white clouds above mention- 
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ed, and the diminution proceeded almoll as far 
as when the proccfs was made in water. That 
it did not proceed quite (b far, I attribute 
chiefly to the fmall quantity of calx formed by 
the flight folution of mercury with the acid 
fumes not being able to abforb all the fixed air 
that is precipitated from the common air by the 
phiogifton. 

In part, alfo, it may be owing to. the fmall 
quantity of furface in the quickfilver in the 
vefiels that I made ufe of; in confequence of 
which the acid fumes could a£h upon it only in 
a flow fucceflion, fo that part of them, as 
well as of the fixed air, had an opportu¬ 
nity of forming another union witir the dimi- 
nifhed air. 

This, as I have obferved before, was fo much 
the cafe when the procefs was made in quick¬ 
filver, without any volatile alkali, that when 
water was admitted to it, after fome time, it 
was not capable of diflblving that union, tho* 
it would not have taken place if the procefs had 
been in water from the firfl.. 

In diverfifying this experiment, I found that, 
it appeared to very great advantage when I 
fufpended a piece of volatile fait in the com¬ 
mon air, previous to the admiflion of nitrous 

air 
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tir to it, inclofing it in a bit of gauze, muflin, 
or a fmall net of wire. For, prefently afier 
the rednefs of the mixture begins to go off, the 
white cloud, likefnow, begins todefcend from 
the fait, as' if a white powder was fhaken out 
of the bag that contains it. This white 
tloud prefently fills the whole vellel, and the 
appearance v/ill lafl about five minutes. 

If the fait be not put to the mixture of thefe 
two kinds of air till it has perfectly recovered' 
its tranfparency, the efiervefcence being com¬ 
pletely over, no white cloud v/iil be formed j 
and, what is rather more remarkable, there is' 
nothing of this appearance when the fait is put 
into the nitrous air itfelf. The reafon of this 
niuft be, that the acid of the nitrous air has a 
nearer affinity with its phlogifton than with the 
Volatile alkali; though, the phlogifton having 
a nearer affinity with fomething in the conimun 
air, the acid being thereby fet loofe, will unite 
with the alkaline vapour, if it be at hand to 
unite with it. 


There is alfo very little of any white clouti 
formed upon holding a piece of the volatile 
fait within the mouth of a phial containing 
fmoking fpirit of nitre. Alfo when I threw 
the focus of a burning mirror uj)on fome fat 
ammoniac in nitrous air,, anil filled the whole 
^ * veflcl 
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vefTel with white fumes which arofe from it^ 
they were foon difperfed, and the air was nei¬ 
ther diminifhed nor altered. 

I was now fully convinced, that the white 
cloud which I cafually obferved, in the firft 
of thefe experiments, was occafioned by the 
volatile alkali emitted from the water, which 
was in a flight degree putrid; and that the 
warming, and agitation of the veffels, had 
promoted the emiffion of the putrid, or alka¬ 
line effluvium. 

I could not perceive that the diminution of 
common air by the mixture of nitrous air was 
fenfibly increafed by the prefence of the volatile 
alkali. It is poffible, however, that, by affift- 
ing the water to take up the acid, fomething lefs 
of it may be incorporated with the remaining 
diminiflied air than would otherwife have been ; 
but I did not give much attention to this cir- 
cumftance. 

When the phial in which I put the alkaline 
falts contained any kind of noxious air, the 
opening of it in nitrous air was not followed by 
any thing of the appearance above mentioned. 
This was the cafe with inflammable air. But 
when, after agitating the inflammable air in 
water, I had brought it to a ftate in which it 


v:ss 
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Y.-as diminiflied a little by the mixture of nitrous 
air, the cloudy appearance was in the fame pro¬ 
portion ; fo that this appearance feems to be 
equally a teft of the fitnefs of air for refpira- 
tion, with the rednefs which attends the mixture 
of it with nitrous air only. 


Hayinggenerally fattened thefmall bag which 
contained the volatile fait to a piece of brafs 
wire in the preceding experiment, I commonly 
found the end of it corroded, and covered with 
u blue fubftance. Alfo the fait itfelf, and fome- 
tt^n^es the bag was died blue. But finding that 
this was not the cafe when 1 ufed an iron'wire 
m tne lame circumftances, but that it became 
m/, I was fansfcd that both the metals had 
been duToIved by the volatile alkali. At finl 
I had a fufpicion that the blue might have 
come from the copper, out of which the nitrous 
Ui been ,r.ade. But when the nitrous ah 
was mark from iron, tne appearances tvere, in 
allrefpeds, thefime. 


I have obferved in the preceding fedtion, 
that If nitrous air be mixed with common ai^ 
m lime-water, the furface of the water, where 
It IS contiguous to that mixture, will be covered 
with an mcruftation of lime, ffiewing that fome 
fixed a.t had been depofited in the procefs It 
IS remarkable, however, as I there alfo juft 

^ 3 mentioned. 
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mentioned, that this is the cafe when nitron^ 
air alone is put to a veffcl of lime-water, after 
it has been kept in a Madder^ or only transferred 
from one veflel to another by a bladder, in the 
manner defcribed, p. 15, fig. 9. 

As I had ufed the fame bladder for transfer¬ 
ring various kinds of air, and among the reft 
f,xcd air, I firft imagined that this effedt might 
have been occafioned by a mixture of this fixed 
air with the nitrous air, and therefore took a 
frefii bladder; but ftill the effect was the fame. 
I'o fatisfy myfelf farther, that the bladder had 
produced this effect, I put one into a jar of 
nitrous air, and after it had continued there a 
day and a night, I found that the nitrous air in 
this jar, though it was transferred', in a glafs 
ycllel, inade lime-water turbid. 

Whether there was any thing in the prepara¬ 
tion of thefe bladders that occafioned their pro¬ 
ducing this effcdf, I cannot tell. They were 
fuch as I procure from the apothecaries. The 
thing feems to deferve farther examination, as 
there feems, in this cafe, to be the peculiar effeth 
of fixed air from other caufes, or elfe a pror 
duction of fixed air from materials that have 
not been fuppofed to yield it, at leaft not in 
.circumftances fimilar to thefe. 
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As fixed air united to water dlffolvcs iron, 

I had the curiolity to try whether fixed air alone 
would do it; and as nitrous air is of an acid 
nature, as well as fixed air, I, at the fame time, 
expo led a large furface of iron to both the 
kinds ; firft filling two eight ounce phials with 
nails, and then with quickfilver, and after that 
difplacing the quickfilver in one of the phials 
by fixed air, and in the other by nitrous air j 
then inverting them, and leaving them with 
their mouths immerfed in bafons of quickfilver. 

In thefe circumftances the two phials ftood 
about two months, when no fenfible change at 
all was produced in the fixed air, or in the iron 
which had been expofed to it, but a moll re¬ 
markable, and moft unexpedled change was 
made in the nitrous air ; and in purfuing the 
experiment, it was transformed into a Ipecies of 
air, with properties which, at the time of my 
firll publication on this fubjeft, I fiiould not 
have hefitated to pronounce impoffible, viz. air 
in which a candle burns quite naturally and 
freely, and which is yet in the higheft degree 
noxious to animals, infbmuch that they die the 
moment they are put into it; whereas, in ge¬ 
neral, animals live with little fenfible inconve¬ 
nience in air in which candles have burned out. 
Such, however, is nitrous air, after it has been 
long expofed to a large furface of iron. 

P 4 
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It is not lefs extraordinary, that a ftill ionger 
continuance of nitrous air in thefe circumftances 
(but hozv long depends upon too many, and too 
minute circumftances to be afccrtained with 
Cxaftnefs) makes it not only to admit a candle 
to burn in it, but enables it to burn with an 
enlargedflame, byanother flame (extending every 
where to an equal diftance from that of the 
candle, and often plainly diiiinguifltable from 
it) adhering to it. Sometimes I have perceived 
the flame of the candle, in thefe circumftances, 
to be twice as large as it is naturaiiy, and fome- 
times not lefs than five or fix times larger; and 
yet without any thing like an explojlon, as in thr 
firing of the weakeft inflammable air. 

Nor is the farther progrefs in the tranfmiita- 
tion of nitrous air, in thefe circumftances, lefs 
remarkable. For when it has been brought to 
the ftate laft mentioned, the agitation of it in 
frefh water almoft inftantly takes olF that pecu¬ 
liar kind of inflammabilit}'-, fo that it extin- 
guiflies a candle, retaining its noxious quality. 
It alfo retains its power of diminiftiing common 
<iir in a very great degree. 

But this noxious quality, like the noxious 
quality of all other kinds of air that will bear 
agitation in water, is taken out of it by this 
operation, continued about five minutes in 
• - which 
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which procel's it fuffers a farther and very con- 
ijdcrable diminution. It is then itfelf dimi- 
nifhed by frefli nitrous air, and animals live in 
it very well, about as well as in air in which 
candies have burned out. 

Laflly, One quantity of nitrous air, which 
had been expofed to iron in quickfilver, from 
December 18 to January 20, and which hap¬ 
pened to Hand in water till January 31 (the iron 
ftili continuing in the phial) was fired with an 
explolion, exadtly like a weak inflammable air. 
At the fame time another quantity of nitrous 
air, which had likewife been expofed to iron. 
Handing in quickfilver, till about the fame time, 
and had then flood in water only, without iron, 
only admitted a candle to burn in it with an 
enlarged flame, as in the cafes above mentioned. 
But whether the difFcr'ence I have mentioned in 
the circumftances of thefe experiments contri¬ 
buted to this difference in the refult, I cannot 
tell. 

Nitrous air treated in the manner above men¬ 
tioned is dimlniflied about one fourth by Hand¬ 
ing in quickfilver; and water admitted to it will 
abforb about half the remainder ; but if water 
only, and no quickfilver, be ufed from the be¬ 
ginning, the nitrous air will be diminifhed much 
faHer and farther ; fo that not' more than one 

fourth, 
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fourth, onefixth, or one tenth of the original 
quantity will remain. Eut I do not know that 
there is any difierence in the conftitution of the 
air which remains in thefe two cafes. 

The water which has imbibed this nitrous air 
expofcd to iron is remarkably green, alfo the 
phial containing it becomes deeply, and, I be¬ 
lieve, indelibly tinged with green; and if the 
water be put into another velfel, it prefently 
depoiits a confiderable quantity of matter, which 
when dry appears to be the earth or ochre of 
iron; from which it is evident, that the acid of 
the nitrous air diffolves the iron; while the phlo- 
gifton, being fet loofe, diminiflies nitrous air, 
as in the procefs of the iron filings and brim- 
ftone. 

Upon this hint, infiead of ufing iron, I in¬ 
troduced a pot of liver of fulphur into a jar of 
nitrous air, and prefently found, that what I 
had before done by means of iron in fix weeks, 
or two months, I could do by liver of fulphur 
(in confequence, no doubt, of its giving its 
phlogitton more freely) in lefs than twenty-four 
hours, efpecially when the procefs was kept 
warm. 


It is remarkable, however, that if the procefs 
with liver of fulphur be fliflered to proceed, 

the 
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Ae nitrous air will be diminilhcd mucli farther. 
Atone time not more than one twentieth of the 
.original quantity remained, and how much far¬ 
ther it might have been diminilhed, I cannot 
tell. In this great diminution, it does not ad¬ 
mit a candle to burn in it at all; and I generally 
found this to be the cafe whenever the dimi¬ 
nution had proceeded beyond three fourths of 
the original quantity 

It is fomething remarkable, that though the 
diminution of nitrous air by iron filings and 
brimftone very much refembles the diminution 
of it by iron only, or by liver of fulphur, yet 
the iron filings and brimftone never bring it to 
fuch a ftate as that a candle will burn in it; 
and alfo that, after this procefs, it is never 
capable of diminifliing common air. But when 
it is confidered that thefe properties are de- 
ftroyed by agitation in water, this difference in 
the refult of proceffes, in other refpefts fimilar, 
will appear lefs extraordinary ; and they agree 
in this, that long agitation in water makes both 
thefe kinds of nitrous air equally fit for refpi- 
ration, being equally diminhhed by frelh nitrous 
air. It is pollible that there would have been 

* The refult of feveral of thefe experiments I had the 
pleafure of trying in the prefence of the celebrated Mr. 
De Luc of Geneva, when h« was upon a Yifit to Lord 
Shelburne in Wiltfliire. 


a more 
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a more exa6t agreement in the refult of thefe 
procefles, if they had been made in equal de¬ 
grees of heat ; but the procefs with iron was 
made in the ufual temperature of the atmo- 
fphere, and that with liver of fulphur generally 
near a fire. 

It may clearly, I think, be inferred from thefe 
experiments, that all the difference between 
frefh nitrous air, that fiate of it in which it is 
partially inflammable, or Vv^holly fo, that in 
which it again extinguiflres candles, and that in 
which it finally becomes fit for refpiration, de¬ 
pends upon fome difference in the mode of the 
ccmVination of its acid wdth phlogiflon, or on 
the proportion between thefe two ingredients in 
its compofition; and it is not improbable but 
that, by a little more attention to thefe experi¬ 
ments, the M'hole myftery of this proportion' 
and combination may be explained. 

I muft not omit to oblerve that there was 
fomething peculiar in the refult of the firfl ex¬ 
periment which I made with nitrous air expo- 
fed to iron j which was that, without any agi¬ 
tation in w^ater, it was diminiflred by frefh ni¬ 
trous air, and that a candle burned in it quite 
naturally. Xo what this difference was owino- 
3 cannot tell. Xhis air, indeed, had been ex- 
pofed to the iron a week or two longer than in 

any 
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any of the other cafes, but I do not imagine 
that this circumftance could have produced 
that difference. 

When the procefs is in water with iron, the 
time in which the diminution is accompliflied is 
exceedingly various; being Ibmetimcs com¬ 
pleted in a few days, whereas at other times 
it has required a v/eelc or a fortnight. Some 
kinds of iron alfo produced this effeft much 
fooner than others, but on what circumftances 
this difference depends I do not know. What 
are the varieties in the refult of this experi¬ 
ment when it is made in quickfilver I cannot 
tell, becaufe, on account of its requiring more 
time, I have not repeated it fo often; but I 
once found that nitrous air was not fenfibly 
changed by having been expofed to iron in 
quickfilver nine days ; whereas in water a very 
confiderabJe alteration was always made in much 
lefs than half that time. 

It may juftdeferve to be mentioned, that ni¬ 
trous air e.xtremely rarified in an air-pump dif- 
foives iron, and is climiniilied by it as much 
as when it is in its native ftate oi condenfation. 

It is fomething remarkable, though I never 
attended to it particularly betore I made thefe 
laft experiments, and it may tend to throw fome 

light 
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light upon them, that when a candle is exfin- • 
guifhed, as it never fails to be, in nitrous air,' 
the flame feems to be a little enlarged at its 
edges, by another bluilli flame added to it, juft 
before its extindlion. 

It is proper to oblerve in this place, that the 
eledtric fpark taken in nitrous air diroiniflies it 
to one fourth of its original quantity, which 
IS about the quantity of its diminution by iron 
filings and brimftone, and alfo by liver of ful- 
phur without heat. The air is alfo brought 
by eledtricity to the fame flate as it is by iron 
filings and brimftone, not diminifliing common 
air. It the eledlric fpark be taken in it when 
it is confined by water tinged with archil, it is 
prefcntly changed from' blue to red, and that to 
a very great degree. 

When the iron nails or wires, ■^vbich I have' 
ufed to diminilb nitrous air, had done their of¬ 
fice, I laid them afide, not fufpefting that they 
could be of any other philofophical ufe ; but 
after having lain expofed to the open air al- 
moft a fortnight ; having, for fome other pur- 
pofe, put fome of them into a veifel contain¬ 
ing common air, ftanding inverted, and im- 
merfed in water, 1 was furprized to obferve 
that the air in which they were confined was 
diminiflied. The diminution proceeded fo faft, 

that 



Nitrous Jsr. 


22 J- 

4:liat the procefs was completed in about twen¬ 
ty *four hours ; for in that time the air was di- 
miniihed about one fifth, fo that it made no- 
effervefcence with nitrous air, and was, there¬ 
fore, no doubt, highly noxious, like air dimi- 
niflied by any other procels. 

This experiment I have repeated a great 
number of times, with the fame phials, filled 
with nails or wires that have been fuffered to- 
ruft in nitrous ail*, but their power of diminilh- 
ing common air grows lefs and lefs continually. 
How long it will be before it is quite exhaufted 
I cannot tell. This diminution of air I con¬ 
clude mufl: arife from the phlogifton, either of 
the nitrous air or the iron, being fome way en¬ 
tangled in the ruft, in which the wires were en- 
crufted, and afterwards getting loofe from it. 

To the experiments upon iron filings and 
brimftone in nitrous air, I rauft add, that when 
a pot full of this mixture had abforbed as much 
as it could of a jar of nitrous air (which is about 
three fourths of the whole) I put frefli nitrous 
air to it, and it continued to abforb, till three 
or four jars full of it difappeared; but the ab- 
forption was exceedingly flow at the laft. Alfo 
when I drew this pot through the w'ater, and. 
admitted frelh nitrous air to it, it abforbed an¬ 
other 
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other jar full, and then ceafed. But when I. 
fcraped off the outer furface of this mixture, 
which had been fo long expofed to the nitrous 
air, the remainder abforbed more of the air. 

When I took the top of the mixture which I 
had fcraped off and threw upon it the focus of 
a burning-glafs, the air in which it was con¬ 
fined was diminifiied, and became quite noxi¬ 
ous ; yet when I endeavoured to get air from 
this matter in a jar full of quickfilver, I was 
able to procure little or nothing. 

It is not a little remarkable that nitrous air 
diminifned by iron filings and brimftone, which 
is about one fourth, cannot, by agitation in 
water, be diminifhed much farther j whereas 
pure nitrous air may, by the fame procefs, be 
diminifhed to one twentieth of its whole bulk, 
and perhaps much more. This is fimilar to 
the efieiSl of the fame mixture, and of phlo- 
gifton in other cafes, on fixed air ; for it fo far 
changes its conftitution, that it is afterwards 
incapable of mixing with water. It is fimilar 
alfo to the effeft of phlogifton in acid air, 
which of itfclf is almoft inftantly abforbed by 
water j but by this addition it is firft converted 
into inflammable air, v/hich does not readily 
mix with water, and which, by long agita¬ 
tion 
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tion in water, becomes of anotfa-er conftitution, 
ft ill lefs mifcible with water. 

I lhall dole this fciSlicn with a few Other 
obfervations of a mifcellaneots nature. 

Nitrous air is as much diminifhed both by 
iron filings, and alfb by liver of fulphur, 
when confined in quicklliver, as when it is ex:- 
pofed to water. 

Diftilled water tinged blue with the juice of 
turnfole becomes red on being impregnated 
xvith nitrous air; but by being tsxpofed a week 
or a fortnight to the coinmon atmolphere, in 
open and fliallow veffeis, it recovers its blue 
colour; though, in that time, the greater part 
of the water will be evaporated. This fhews 
that in time nitrous air efcapes from the wa¬ 
ter with which It is combined, juft as fixed air 
does, though by no means fo readily 

Having diflblved filvery copper, and iron In 
equal quantities of fpiric oF nitre diluted with 
water, the quantities of nitrones air produced 
from them w'ere in the following proportion; 
from iron 8, from copper 6^, from filver 6. In 

* I have not repeated this ejcperiment '^vith that variation 
of circumftances which an at:entio:ato obfer- 

nation will fnggeil, 

Q. 
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about the fame proportion aifo it was necef-* 
fary to mix water with the fpirit of nitre in 
each cafe, in order to make it dilfclve thefe 
metais with equal rapidity, filver requiring the 
leaft water, and iron the moft. 

Phofphorus gave no light in nitrous air, 
and did not take away from its power ot di- 
minifhing common air ; only w'hen the redneis 
of the mixture vrent off, the vefiel in which 
it was made was filled with white fumes, as 
if there had been fom.e volatile alkali in it. 
The phofphorus itfelf w^as unchanged. 

There is fomethins; remarkable in the elfedl 
of nitrous air on infcSts that are put into it. 
I obferved before that this kind of air is as 
noxious as any whatever, a moufe dying the 
.moment it is put into it; but frogs and fnails 
(and therefore, probably, other animals whofe 
refpiration is nor frequent) will bear being ex- 
poled to it a confiderable time, though they 
die at lengtli. A frog put into nitrous air 
ftruggled much for two or three minutes, 
and moved now and then for a quarter of an 
hour, after which it was taken out, but did not 
recover. JVafps always died the moment they 
were put into the nitrous air. I could never 
obferve that they made the leaft motion in it, 
nor could they be recovered to life afterwards. 

This 
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This was alfo the cafe in general with fpiders, 
Jlies, and lutterfiies. Sometimes, however, fpi- 
clcrs would recover after being expofed about 
a minute to this kind of air. 

Confiderino; how fatal nitrous air is to in- 

O 

feds, and likewife its great antifeptic power, 
I conceived that confiderable ufe might be 
made of it in medicine, efpecially in the form 
of dyjie't's, in which fixed air had been applied 
with fome fuccefs ; and in order to try whether 
the bowels of an animal would bear the injec¬ 
tion of it, I contrived, with the help of Mf. 
Hey, to convey a quantity of it up the anus 
of a dog. But he gave manifell figns of un- 
eahnefs, as long as he retained it, which was a 
confiderable time, though in a few hours after¬ 
wards he was as lively as ever, and feemed to 
have fuffered nothing from the operation. 

Perhaps if nitrous air v/as diluted cither 
with common air, or fixed air, the bowels 
might bear it better, and ftill it might be de- 
ftruftive to zvorms of all kinds, and be of ufe 
to check or corredl putrefadtion in the intelti- 
nal canal, or other parts of the fyftem. I re¬ 
peat it once more that, being no phyfician, I 
run no rifk by fuch propoiais as th^fc ; and I 
cannot help flattering myfelf that, in time, very 
great medicinal ufe will be made of the appli- 

2 cati 
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cation of thefe different- kinds of air to the 
animal fyilem. Let ingenious phyficians at¬ 
tend to this fubjedt, and endeavour to lay hold 
of the new handle which is now prefenteci them, 
before it be feized by rafli empiricks ; who, by 
an indiferiminate and injudicious application, 
often ruin the credit of things and proceffes 
w'hich might otherwile make an ufeful addition 
to the materia and ars meiica. 

In the firft publication of my papers, having 
experienced the remarkable antifeptic power of 
nitrous air, I propofed an attempt to preferve 
anatomical preparations, &c. by means of it j 
but Mr. Hey, who made the trial, found that, 
after fome months, various animal fubftances 
were Ihrivcled, and did not preferve their natu¬ 
ral forms in this kind of air. 


SEC- 
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SECTION IV- 
Of Marine Aciu Air- 

In my former experiments on this fpecies of 
air I procured it from fpirit of fait, but I have 
fince hit upon a much lefs expeniive method of 
getting it, by having recourfe to the procefs 
by which the fpirit of fait is itfelf originally 
made. For this purpofe I fill a fmall phial 
with common fait, pour upon it a fmall 
quantity of concentrated oil of vitriol, and re¬ 
ceive the fumes emitted by it in a veffel previ- 
oufly filled with quickfilver, and Handing in a 
bafon of quickfilver, in which it appears in the 
form of a perfedtly tranfparent air, being precife- 
ly the fame thing with that which I had before 
expelled from the fpirit of fait. 

This method of procuring acid air is the 
more convenient, as a phial, once prepared in 
this manner, will fuffice, for common experi¬ 
ments, many weeks; efpecially if a little more 
oil of vitriol be occafionally put to it. It only 
requires a little more heat at the laft than at 
the firft. Indeed, at the firft, the heat of a 
perfon’s hand will often be fufficient to make it 

3 throw 
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throw out the vapour. In warm weather ic 
will even keep Imoking many days without 
the application of any other heat. 

On this account, it lliould be placed where 
there arc no iiiuritments, or any thing of metal, 
that can be corroded by this acid vapour. It 
is from dear-bought experience that I give this 
advice. It may eafily be perceived when this 
phial is throwing out this acid vapour, as it 
always appears, in the open air, in the form 
of a light cloud; owing, I fuppofe, to the 
acid attrading to icfelf, and uniting with, 
the meifeure that is in the common atniofphcre.. 

By this procefs I even made a ftronger fpirit 
of fait than can be procured in any other way. 
For having a little v/ater in .'the veiiel ■which 
contains the quickfilver, it imbibes the acid 
vapour, and at length becomes truly faturated 
with it. Having, in this manner, impreg¬ 
nated pure water with acid air, I could after¬ 
wards expel the fame air from it, as from com¬ 
mon fpirit of flit, 

I obfer.ved before that this acid vapour, or 
air, has a ftrong affinity with fhhgljhn^ fo 
that it decompofes many fubftances which con¬ 
tain it, and with them forms a permanently in¬ 
flammable air, no more liable to be imbibed 

by 
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■bv water tnan inflammable air procured by 
any or’ier procefs, being in_faa die very fame 
thing and that, in fonie cafes, it even dulodges 
fpirit of nitre and oil of vitriol, which in gen^,- 
ral appear to be llronger acids than iuelf. 

I have'flnce obferved that, by giving it more 
time, it will extraCl; phlogifton from fubftances 
from which I at firfl concluded that it was not 
able to do it, as Irom dry wood, ctufts of 
bread not burnt, dry fa-ni, and vv^hat is more 
extraordinary from flints. As there w'as fome- 
thirg peculiar to itfelf in the procefs or refult 
of each of theie experiments, it may not be im¬ 
proper to mention theiii ciilindlly. 

Pieces of dry cor/: '■jjood being put to the acid 
air, a fmall quantity remained not imbibed by 
water, and was inflammable. 

Very dry pieces of oak, being expofed to 
this air a day and a night, alter imbibing a 
confiderabie quantity of it, produced ait which 
was inflammable indeed, but in the flighteft de¬ 
cree imaginable. It feemed to be very nearly 
In the ftate of common air. 

A piece of ivory imbibed the acid vajiour 
very flowiy. In a day and a night, however, 
about half an ounce meafure of permanent a.lr 
was produced, and it was pretty ftrongly in- 
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Olfervations on 


flammable. The ivory was not difcolomed, 
but was rendered fuperficialiy fofc, and clam¬ 
my, rafting very acid. 

Pieces of ho/, roafted, and made quite dry, 
but not burnt, abforbed the acid vapour flow- 
ly; and when it had continued in this fituation 
2 ll night, from five ounce meafures of the air, 
half a meafure was permanent, and pretty 
ftrongly inflammable. This experiment fuc- 
ceeded a fecond time exadlly in the fame man- 
pcr; but when I uled pieces of white dry 
chcken-fejh though I allowed the fame tlmcj 
and in other refpefts the procefs feemed to 
go on in the fame manner, I could not per¬ 
ceive that any part of the remaining air was 
inflammable. 

Some pieces of a w'hitifh kind of >«/, be¬ 
ing put into a quantity of acid air, imbibed 
bur a very little of it in a day and a night; 
but of 2r ounce meafures of it, about half a 
meafure remained unabfbrbed by water, and 
this was ftrongly inflammable, taking fire jull 
like an equal mixture of inflammable and com¬ 
mon air. At another time,’ however, I could 
not procure any inflammable air by this means, 
but to what circumftance thefe difterent refults 
■were owing I cannot tell. 


That 
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That inflammable air is produced from char¬ 
coal in acid air I obferved before. I have fince 
found that it may iikewife be procured ixom fit 
coal, without being charred. 

Inflammable air I had alfo obferved to arifc 
from the expofure of fpirit of wine, and various 
oily fubftances, to the vapour of fpirit of falc- 
I ha\e fince made others of a fimilar nature, 
and as peculiar circumftances attended fome 
of thefe experiments, I lliall recite them more 
at large. 

Fffi'niial oil of mint abforbed this air pretty 
faft, and prefently became of a deep brown 
colour. When it was taken out of this air it 
was of the confiftence of treacle, and funk in 
water, fmelling differently from what it did 
before but ftill the fmell of the mint was 
predominant. Very little or none of the air 
was fixed, fo as to become inflammable ; but 
more time would probably have produced this 
effedt. 

Oil of turpentine was alfo much thickened, 
and became of a deep brown colour, by being 
faturated v/ith acid air. 

Ether abforbed acid air very faft, and be¬ 
came firft of a turbid white, and then of a yel- 
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low and brown colour. In one night a confider- 
able quantity of permanent air was produced, 
and it was fuongly infiammable. 

Having, at one time, fully faturatcd a quan¬ 
tity of ether with acid air, I admitted bubbles 
Of com.mon air to it, through the quickfilver, 
by which it was confined, and obfcrved that 
white fumes weie made in it, at the entrance of 
every bubble, for a confiderablt- time. 

At another time, hn.dng fuiiy faturatcd a 
fmall quantity of ether with acid air, and 
having left the phial in which it u'as contained 
nearly full of the air, and inverted, it was by 
fome accident overturned ; when, inftantly, the 
whole room was filled with a vilible fume, like a 
white cloud, which had very much the fmell of 
ether, but peculiarly ofFenfive. Opening the 
door and window of the room, this light cloud 
filled a long paflage, and another room. In the 
mean time the ether was feemingly all va- 
niilicd, but fome time after the furface of the 
quickfilver in wnich the experiment had been 
made was covered with a liquor that tailed very 
acid; arifing, probably, from the moifture in 
the atmofphere attradled by the acid vapour 
with which the ether had been impregnated. 


This 
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This vifible cloud I atciibute to the union 
of the moiilure in the atmofphere with the com¬ 
pound of the acid air and ether. I have 
fince faturated other quantities of ether with 
acid air, and found it to be exceedingly volatile, 
and inflammable. Its exhalation was alfo vi¬ 
fible, but not in fo great a degree as in the cafe 
above mentioned. 

Camphor was prefently reduced into a Suid 
date by imbibing acid air,' but there feemed to 
be fomething of a whitifir fediment in it. After 
continuing two days in this fituation I admitted 
water to it ; immediately upon which the cam¬ 
phor refumed its former folid Hate, and, to ap¬ 
pearance, was the very fame fubilance that it 
had been before; but the tafee of it vras acid, 
and a very fmall part of the air was permanent, 
and liighdy inflammable. 

The acid air feemed to make no impref- 
fion upon a piece of Derbylliire /par, of a very 
dark colour, and which, therefore, feemed to 
contain a good deal of phlogifton. 

As the acid air has fo near an affinity with 
phlogifton, I expedred that the fumes of liver of 
fiilphur, which chemifts agree to be phlogiftic, 
would have united with it, fo as to lorm inflam¬ 
mable air; but I was difappointed m that ex- 

pedta- 
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peclation. This fubftance imbibed iialf of the 
acid air to which it was introduced : one fourth 
of the remainder, after ftanding one day in 
quickiilver, v/as imbibed by water, and what 
was left extinguillied a candle. This experi¬ 
ment, however, feems to prove that acid air 
and phlogifton may form a permanent kind of 
air that is not inflammable. Perhaps it may be 
air in fuch a ftate as common air loaded with 
phlogiflon, and from which the fixed air has 
been precipitated. Or rather, it may he the 
fame thing with inflammable air, that has loft 
its inflammability by long ftanding in water. 
It well deferves a farther examination. 

The following experiments are thoft in whic'i- 
the fironger adds were made ufe of, and there¬ 
fore they may aflift us tarthcv to afcertain their 
affinities with certain fubftances, with refpedl to 
this marine acid in the forrri of air. 

I put a quantity of ftrong concentrated oil of 
vitriol to acid air, but it was not at all afiedtcd 
by it in a day and a night. In order to try 
whether it wmuld not have more power in a 
more condenfcd ftate, I compreflTed it with an 
additional atmofphere; but upon taking off this 
preffure, the air expanded again, and appeared 
to be not at all diminifned. I allb put a quan- 
•tity o; ftrong fpirit of nitre to it without any 
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fenfible efFeft. We may conclude, therefore, 
that the marine acid, in this form of air, is not 
able to dillodge the other acids from their unioa 
with water. 

Blue vitriol^ which is formed by the union of 
the vitriolic acid with copper, turned to a dark 
green the moment that it was pur to the acid 
air, which it abforbed, though llowly. Two 
pieces, as big as fmall nuts, abforbed three 
ounce meafures of the air in about half an hour. 
The green colour was very fuperficial; for it 
was ealily wiped or walhed off. 

Green copperas turned to a deeper green uport 
being put into acid air, which it abforbed 
flowly. White coppe^-as abforbed this air very 
faft, and was dilfolved in it. 

Sal ammoniac, being the union of fpirit of 
fait with volatile alkali, was no more affefted 
with the acid air than, as I have obferved before, 
common fait was. 

I alfo introduced to the acid air various other 
fubftances, without any particular expectation j 
and it may be worth while to give an account of 
the refults, that the reader may draw from them 
fuch conclufions as he lhail think reafonable. 


Borax 
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Borax abforbed acid air about as fafr as blue 
vitriol, but without any thing elfe that was ob- 
fervabie. 

Fine white/ig-ar abforbed this air flowl^, was 
thoroughly penetrated with it, became of a 
deep brown colour, and acquired a fmell that 
was peculiarly pungent. 


A piece of quick lime being put to about 
twelve or fourteen ounce meafures of acid air, 
and continuing in that fituation about two days, 
there remained one ounce meafiire of air that 
was not abforbed by water, and it was very 
frrongly inflammable, as much fo as a mixture 
of half inflammable and half common air. 
"Very particular care was taken that no common 
air mixed with the acid air in this procefs. At 
another time, from about half the quantity of 
acid air above mentioned, with much lefs quick- 
ilme, and in the fpace of one day, I got half 
an ounce meafure of air that was inflammable 
in a fligiit ^degree only. This experiment 
piu-.es LijLi-t unie p::rt ct the phlogifton which 
the I'ael, in conta6t'with which 
tae lime i-i burned^ adheres to it. But I am 
ver\ xiii h’oin rhinkiiag that the caufticicy of 
qiiicL-iiine is at all owing to this circumftance. 
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i Lave made a few more experiments on the 
mixture of acid air with other kinds of ah\ and 
think that it may be worth while to raentioi? 
them, though nothing of confequence, at leafb 
nothing but negative conclufions, can be drawn? 
from them. 

A quantity of common air faturated witb 
nitrous air was f ut to a quantity of acid air, 
and they continued together all night, without 
any fenfible efTedt. The quantity of both re¬ 
mained the fame, and water being admitted to 
them, it abforbed all the acid air, and left the 
other juft as before. 

A mixture of two thirds of air diminilhed 
by iron filings and brimftone, and one third 
acid air, were mixed together, and left to ftand 
four v/eeks in quickfilver. But when the mix¬ 
ture was examined, water prefently imbibed all 
the acid air, and the diminilhed air was found to 
be juft the fame that it was before. I had ima¬ 
gined that the acid air might have united with 
the phlogifton with which the diminilhed air 
was overcharged, fo as to render it wholfome; 
and I had read an account of the ftench arifing 
from putrid bodies being correfled by acid 
fumes. 


The 
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The remaining experiments, in which tlir 
acid air was principaiij” concerned, are of a 
mifcellaneous nature. 

^ I put a piece of dry ice to a quantity of acid' 
air (as was obferved in the feftion concerning 
alkaline air) taking it with a forceps, which, as 
well as the air itfelf, and the quickfilver by 
which It had been conhned, had been expoled 
to the open air for an hour, in a pretty ftrong 
froft. The moment it touched the air it was 
diffolved as faft as it would have been by bein" 
thrown into a hot fire, and the air was prefently 
imbibed. Putting frefii pieces of ice to that 
which was diffolved before, they were alfo dif¬ 
folved immediately, and the water thus procured 
did not freeze again, though it was expofed a 
whole night, in a very intenfe froft. 


Flies and fpiders die in acid air, but not fo 
quickly as in nitrous air. This furprized me 
very much ; as I had imagined that nothing 
could be more fpeedily fatal to all animal life 
than this pure acid vapour. 


As inflammable air, I have obferved, fire 
at oneexplofion in the vapour of fmoking fpiri 
of nitre, juft like an equal mixture of -inflam 
mable and eommon air, I thought it was poffibi, 
that the fume which naturally rifes fronr com- 
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mon fpirit of fait .might have the fame effba:, 
but it had not. For this purp'ofe I treated the 
^irit of fait, as I had before done the fmoking 
fpirit of nitre ; firfl: filling a phial with it, then 
inverting it in a veifel containing a quantity of 
the fame acid ; and having thrown the inflam¬ 
mable air into it, and thereby driven out all 
the acid, turning it with its mouth upwards, 
and immediately applying a candle to it. 

Acid a'ir riot being fo manageable as moft: of 
the other kinds of air, I had retourle to the fol¬ 
lowing peculiar method, in order to afcertain its 
Specific gravity. Having filled an eight ounce 
phial with this air, and corked it up, I weighed 
it very accurately ; and then, taking out the 
dork, I blew very ftrongly into it with a pair 
of bellows, that the common air might take 
place of the acid j and after this I weighed it 
again, together with the cork, but I could not 
perceive the leafl; difference in the weight. I 
conclude, however, from this experifnent, that 
the acid air is heavier than the common air, 
becaufe the mouth of the phial and the infide 
of it were evidently moiftened by the wawr 
which the acid vapour had attracted from the 
air, which molflure muft have added to the 
weight of the phial. 
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SECTION V. 

Of Inflammable Air. 

It will have appeared from my former eype” 
rimerits, that inflammable arr confifts chiefly, 
if not wholly, of the union of an acid vapour 
with phlogifton; that as much of .:ie phlogifton 
as contributes to make air iniiammable is im¬ 
bibed by the water in which it is agitated; that 
in this procefs it foon becomes fit for refpiration, 
and by the continuance of it comes- at length 
to extingiiiili flame. Thcfe obfervations, and 
others which I have made upon this kind of 
air, have been confirmed by my later experi¬ 
ments, efpecialiy thofe in which I have con- 
nefted eleStfical experiments with thofe on air.-' 

The eleftric fpark taken in any kind of oil 
produces inflammable air, as I tvas led to ob- 
ferve in the following manner. Having' 
found, as will be mentioned hereafter, that 
ether doubles the quantity of any kind of air 
to which it is admitted; and being at that time 
engaged in a courfe of experinlents to afcertain 
the effeft of the eleftric riiatter on all the dif¬ 
ferent kinds of air, I had the curiofity to try 
what it would do with common ah\ thus in- 

creafed' 





creafed by means of ether. The very firfl; 
i^Dark, I obferved, increafed the quantity of this 
air very confiderably, fo that 1 had very foori 
fix or eight times as much as 1 began with ; 
and whereas water imbibes all t!ie ether that is 
put to any kind of aii', and leaves it without 
any vifible change, with refpcdt to quantity or 
quality, this air, on the contrary, was not im¬ 
bibed by water. It was alfo Very little dirai- 
nifiied by the mixture of nitrous air. From 
whence it was evident, that it had received an 
addition of fome other kind of air, of which 
it now principally confilleth 

In order to cleterniine whether this effc(£l was 
produced by the ‘t&'ife, or the cement by which 
the air was confined (as I thought it pofilble 
that plilogifton might be difcharged from them) 
I made the experiment in a glafs fyphon, fig. 19, 
and by that means 1 contrived to make the 
elcdlric fpark pafs from quickfilver through the 
air on which I made the experiment, and the 
effect was the fame as before. At one time 
there happened to he ai bubble of common air, 
without any ether, in one part of the fyphon, 
and another bubble with ether in another part 
of it % and it was verj’" amufing to obferve how 
the fame eledtric fparks diminiflring the former 
©£ thefe bubbles, and increafed the latter. 
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It being evident that the ether occafioned the' 
difference that was obfervable in thefe two cafes, 
I next proceeded to take the eledtric fpark in a 
quantity of ether only, without any air what¬ 
ever ; and obferved that every fpark produced 
a fmall bubble ; and though, while the fparks 
were taken in the ether itfelf, the generation of 
air was flow, yet when fo much air was col- 
ledted, that the fparks were obliged to pafs 
through' it, in order to come to the ether and 
the quickfilver on which it refted, the increafe 
was exceedingly rapid ; fo that, making the 
experiment in fmall tubes, as fig. 16, the quick- 
filver foon receded beyond the ftriking diftance. 
This air, by_pafling through water, was dimi- 
niflied to about one third, and was inflam¬ 
mable. 

One quantity of air produced in this manner 
from ether I fuffered to Itand two days in water, 
and after that I transferred it feveral times 
through the water, from one veflel to another, 
and ftill found that it was veiy ftrongly inflam¬ 
mable j fo that I have no doubt of its being 
genuine inflammable air, like that which is' 
produced from metals by acids,-or by any other 
chemical procefs. 

Air produced from ether, mixed both with 
common and nitrous air, was likewife inflam¬ 
mable j 
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inable; but in the cafe of the nitrous air, the 
original quantity bore a very fmall proportion 
to the quantity generated. 

Concluding that the inflammable matter in 
this air came from the ether, as being of the 
clafs of oils, I tried other kinds of oil, as oil of 
plives, oil of turpentine, znd effential oil oj mint, 
taking the eiedtric fpark in them, without any 
air to begin with, and found that inflammable 
air was produced In this tnanner from them all. 
The generation of air from oil of turpentine 
was the quickeft, and from the oil of olives the 
flowefl: in thefe three cafes. 

By the fame procefs I got inflammable air 
from fpirit of wine, and about as copioufly as 
from the effential oil of mint. This air con¬ 
tinued in water a whole night, and when it was 
transferred into another velfel was ftrpngly 
inflammable. 

In all thefe cafes the inflammable matter 
might be fuppofed to arife from the inflamma¬ 
ble fubflrances on which the experiments were 
made. But finding that, by the fame procefs, 
I could get inflammable air from the volatile 
fpirit of fal ammoniac, I conclude that the phlo- 
gifton was in part fupplied by the eledlric mat¬ 
ter itfelf. For though, as [ have obferved bc- 
R 3 fore. 
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fore, tire alkaline air which is expelled frora 
the fpirit of fal ammoniac be ir.nammablc, it 
is fo in a very flight degree, and can onl}^ be 
perceived ro be fo when there is a confiderable 
quantity of it. 

Endeavouring to procure air from a caufi.!c 
alkaline liquor, accuracelv made for rue by Mr. 
Lane, and alfo from fpirit of fait, I found 
that the eleftric fpark could not be made vifl- 
ble in either of them; fo that they muft be 
much more perfedt condudors of eledricity 
than water, or other fluid fubftances. This 
iexperiment well deferves to be profecuted. 

I ohferyed before that inflammable air, by 
ftanding long in water, and efpecially by agita¬ 
tion in water, lofes its Inflammability ; and that 
in the latter cafe, after palling through a flate 
in which it makes fome approach to common 
air (juft admitting a candle to burn in it) it 
comes to extinguilh a candle. I have fince made 
another obfervadon of this kind, which well 
deferves to be recited. It relates to the inflam¬ 
mable air generated from oak the 27 th of July 
1771, of which I have made rpention before. 

This air I ht^ve obferved to have been but 
yveakly inflammable fome months after it was 
generated, and to have been converted into 
^ ‘ ■' pretty 
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pretty good or wholefome air by no great de¬ 
cree of agitation in water ; but on the 27th of 
March 1773, I found the remainder of it to 
be exceedingly good air. A candle burned in 
it perfedly well, and it was diminiftied by ni¬ 
trous air almoft as much as common air. 

I fliall conclude this fedion with a few mif- 
cellaneous obfervations of no great importance, 

InHammable air is not changed by being 
made to pafs many times through a red-hot iron 
tube. It Ls alfo no more diminifhed or chang- , 
ed by the fumes of liver of fulphur, or by the 
electric fpark, than I have before obferved it to 
have been by a mixture of iron filings and 
brimftone. When the eledric fpark was taken 
in it, it w'as confined by a quantity ot water 
tinged blue with the juice of archil, but the 
colour remained unchanged. 

I put two 'iiw.Jps into inflammable air, and 
let them remain there a confiderable time, one 
of them near an hour. They prefently ceafed 
to move, and feemed to be quite dead for about 
half an hour after they were taken into the 
open air ; but then they came to life again, and 
prefently after feemed to be as well as ever they 
had been. 
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SECTION VL 

Of Fixed Air, 

The adaitions I have made to my obijerva= 
|tions on fxed air arc neither numerous nor 
confiderable. 

The moft important of them is a confirma¬ 
tion of my conjedture, that fixed air is capable 
of forming an union with phlogifton, and there¬ 
by becoming a kind of air that is not mifcible 
with water. I had produced this effedt before 
by means bf iron filings and brlmftone, fer¬ 
menting in this kind of air ; but I have fince 
had a much more decifive and elegant proof of 
oy siearicity. For after taking a fmall elec¬ 
tric explofion, for about an hour, in the fpace 
ot an inch of fixed air, confined in aglafs tube 
one tenth of an inch in diameter, fig. i5 J 
found that when water was admitted to it, only 
one fourth of the air was imbibed. Probably 
the whole of it would have been rendered im- 
mifcible in water, if the eledlrical operation had 
been continued a fufiicient time. This air con¬ 
tinued feveral days in water, and was even ao-i, 
tated m water without any farther diminutioli. 

■ " “ ■ 'It 
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ft was not, however, common 
not diminifhed by nitrous air. 

By means of iron filings and brimftone I 
Have, fince my former experiments, procured a 
confiderable quantity of this kind of air in a 
method fomething dilferent from that which I 
ufed before. For having placed a pot of this 
mixture under a receiver, and exhaufted it 
with a pump of Mr. Smeaton’s conitrudion, I 
filled it with fixed air, and then left it plunged 
under water; fo that no common air could 
have accefs to it. In this manner, and in about a 
week, there w'as, as near as I can recoiled, one 
Cxth, or at leaft one eighth of the whole con¬ 
verted into a permanent air, not imbibed by' 
■water. 

From this experiment I expcded that the 
fame effed would have been produced on fixed 
air by the fumes of liver of fulphur; but I was 
difappointed in that expedation, which fur- 
prifed me not a little ; though this corrcfponds 
in fome meafure, to the effed of phlogifton ex- 
■ haled from this fubftance on acid air. Perhaps 
more time may be requifite for this purpofe, 
for this procefs was not continued more thaa 
a day and a night. 
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Iron filings and brimftone, I have obferved^ 
ferment with great heat in nitrons ai?, and I 
have fince obferved that this procefs is attend¬ 
ed with greater heat in fixed air than in com¬ 
mon air. 


Though fixed air incorporated with water 
diflbives iron, fixed air without w'ater has no 
fuch povrer, as I obferved before. I imagined 
that, if it, could have dilTolved iron, the phlo- 
pillon •’»v«iiid have united with the air, and 
haye it immifcible with water, as in the 

fd^e^/inftances ; but after being confined in a 
,. plii^ -fi-iil cf nails from the 15th of December 
4th of Oftober following, neither the 
‘Mor the air appeared to have been afleded 
h!?byi^eir mutual contad. 

/ .h-* "If ' 

' i'd -Having expofed equal quantities of common 
and fixed air, in equal and firailar cylindrical 
Hafs veffels, to equal degrees of heat, by plac- 
them before a fire, and frequently changing 
their fituations, I obferved that they were ex¬ 
panded exadly alike, and when removed from 
the fire they both recovered their former di- 
menfions. 


Having had fome fmall fufpicion that liver of 
fulphur, befides emitting phlogifton, might 

alfo 


aifo yield fomc fi?:ed air (which is Lnow'ii to 
he contained in the hilt of tartar from which 
it is made) I mixed tJie two ingredients, viz, 
file of tartar and briinftonc, and putting 
them into a thin phial, and applying the 
flame of a candle to it, fo as to form tiie 
liver of fulphur, I received the air that 
came from it in this procefs in a velicl of 
quicklilver. In this manner I ju'oenred a very 
confiderable quantity of fixed air, fo that I 
judged it was all clifchargcil from the tartar. 
Eut though it is poffible that a' fmall quan¬ 
tity of it may remain in liver of fuljrhur, 
when it is made in the mofl; perfedt manner, 
it is not piobable that it can be cxjxdlcd 
ivithout heat. 
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SECTION VII, 
Miscellaneous Experiments, 

I. It is fomething extraordinary that, though 
ether, as I found, cannot be made to afTume 
the form of air (the vapour arifing from it by 
heat, being foon condenfed by cold, even in 
quickliiver) yet that a very fmall quantity of 
ether put to any kind of air, except the acid, 
and alkaline, which it imb:bes, almoft inftant- 
ly doubles the apparent quantity of it; but 
upon paffing this air through water, it ^ is 
prefently reduced to its original quantity again, 
with little or no change of quality. 

I put about the quantity of half a nut-lhell 
full of ether, inclofed in a gbfs tube, through 
a body of quickfilver, into an ounce meafure 
of common air, confined by quickfilver; upon 
which it prefently began to expand, till it oc¬ 
cupied the fpace of two ounce meafures. It 
then gradually contradled about one fixth of an 
ounce meafure. Putting more ether to it, i^: 
again expanded, to two ounce meafures j but no 
more addition of ether would make it expand 
any farther. Withdrawing the quickfilver, and 
admitting water to this air, without any agita- 
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tion, it began to be abforbed; but only about 
half an ounce meafure had difappeared after it 
had flood an hour in the water. But by once 
paffing it through water the air was reduced to 
its original dimenfions. Being tried by a mix¬ 
ture of nitrous air, it appeared not to be fo 
•good as frelh air, though the injury it had re- 
«:eived was not confiderable. 

All the phenomena of dilatation 'and con- 
tradion were nearly the fame, when, inflead of 
common air, I ufed nitrous air, fixed air, in¬ 
flammable air, or any fpecies of phlogiflicated 
common air. The quantity of each'of thefe 
kinds of air was nearly doubled while they 
were kept in quickfilver, but fixed air was not 
fo much irtcreafed as the rcfl, and phlogiflicated 
air lefs ; but after paffing through the water, 
they appeared not to have been fenfibly changed 
by the procefs. 

2 . Spirit of wine yields no air by means of 
eat, the vapours being foon condenfed by cold, 
like the vapour of water ; yet when, in endea- 
vouring to procure air from it, I npade it boil, 
and catched the air which had refted on the fur- 
face of the fpirit, and which had been expelled 
by the heat together with the vapour, in a veilel 
of quickfilver, and afterwards admitted acid 
to' it, the veflel was filled with white fumes. 
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as if there had been a mixture of alkaline ai? 
along with it. To what this appearance waS 
owing I cannot tell, and indeed I did not exa¬ 
mine into it. 

Having been Informed by Dr. Small and 
Mr. Bolton of Birmingham, that j^aper dipped, 
in a ibiation of copper in fpiiit of nitre would 
take tire with a moderate heat (a fadt which I 
afterwards found mentioned in the Philofophi- 
caL Tranlaaions) it occurred to me that this 
would be very convenient for cxperimpts re¬ 
lating to ignition in different kinds of air •, and 
indeed I found that it was eafily fired, either by 
a burning lens, or the approach of red-hot iron 
on the outfide of the phial in which it was con¬ 
tained, and that any part of it being once fired,' 
the whole was prefently reduced to afiies pro- 
yided it W'as previoufly made thoroughly dry,' 
which, however, it is not very eafy to do.'. 

With this preparation, I found that this pa¬ 
per burned freely in all kinds of air, but not 
in -vacuo, which is alfo the cafe with gufipoW- 
dcr and, as I have in effeft obferved before,- 
all the kinds of air in which this paper was 
Ijiirned received an addkion to their bulk>^ 
which confifted partly of nitrous air, from the 
nitrous precipitate, and partly of inflammable 
air, from the paper. As fome of the circum- 

ftances 



Mifcellaneous Experiments. 2 j 

ftances attending the ignition of this paper in 
foine of the kinds of air were a little remark¬ 
able, I lhall juft I’ecite them. 

Firing this paper in hifljmtndkk air, which 
it did without any ignition of the iniiammabie 
. air itfelf, the quantity increafed regularly, till 
the phial in which the proceft was made was 
nearly full; but then it to decreafe, till 

one third of the whole quantity di,4..qx‘avcd, 

A piece of this paper being pi’t to three 
ounce meafures of add air, a great part of it 
prefently turned yellow, and the air was re¬ 
duced to one third of the original quantity, at 
the fame time becoming reddifh, exadfly like 
common air in a phial containing fmoking fpirit 
of nitre. After this, by the approach of 
hot iron, I fet fire to the paper; immediately 
upon Ayhicli there was a produftion of air which 
more than fiUed the phial. This air appeared, 
upon examination, to be very little different 
from pure nitrous air. I repeated this experi¬ 
ment with the fame event. 

Paper dipped In a folution of mercury, 
zinc, or iron, in nitrous acid,, has, in a fmall 
degree, the fame property with paper dipped In 
a folution of copper in the fame acid. 


Gun. 
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4. Gunpowder is alfo fired in all kinds of air, 
and, in the quantity in which I tried it, did 
not make any fenfible change in them, except 
that the common air in which it was fired 
would not afterwards admit a candle to burn in 
it. In order to try this experiment I half ex- 
haufted a receiver, and then with a burning-, 
glafs fired the gunpowder which had been pre- 
vioufiy put into it. By this means I could fire a 
greater quantity of gunpowder in a fmall quan¬ 
tity of air, and avoid the hazard of blowing up, 
and breaking my receiver. 

I own that I was rather afraid of firing 
gunpowder in inflammable air, but there was 
no realbn for my fear ; for it exploded quite 
freely in this air,' leaving it, in all refpedts, jufl: 
as it was before. 

in order to make this experiment, and in¬ 
deed almoft all the experiments of firing gun¬ 
powder in different kinds of air, I placed the 
powder upon a convenient ftand within my re¬ 
ceiver, and having carefully exhaufted it by a' 
pump of Mr. Smeaton’s conftrudtion, I filled 
the receiver with any kind of air by the appa¬ 
ratus deferibed, p* 19, fig. 14, taking the great- 
eft care that the tubes, &c. which conveyed 
the air fliould contain little or no common 
air. In the experiment with inflammable air ar 

con- 
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rniifi Jerable mixture of common air would have 
been exceedingly hazardous : for, by that affifl:- 
ance, the inflammable air might have exploded ' 
in fuch a manner, as to have been dangerous to 
the operator. Indeed, I believe I fliould not have 
ventuicd to have made tlie experiment at all with 
>any other pump befides Mr. Smeaton’s. 

Sometimes, I filled a glafsveffel with quick- 
filver, and introduced the air to it, when it was 
inverted in a bafonof quickfilver. By this means 
I intirely avoided any mixture of common air ; 
but then it was not eafy to convey the gunpow¬ 
der into it, in the exad quantity that was re- 
quifite for my purpofe. This, however, was 
the only method by which I could contrive 
to fire gunpowder in acid or alkaline air in 
which it exploded juft as it did in nitrous or 
fixed air. 

I burned a confiderablc quantity of gunpow¬ 
der m an exhaufted receiver (for it is well 
known that it will not exjiiode in it) but the air 
I got from it was very inconfiderable, and in 
thele circumflances was necelfarily mixed with 
common air. A candle would not burn in it. 
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SECTION VIII. 

Queries, Speculations, and Hints. 


I begin to be apprebenfive left, after being 
confidered as a dry expcrinierder, I fliould pafs, 
with many of my readers, into the oppo- 
frte charader of a vifionary tbeoriji. A good 
deal of theory has been interfperfed in the 
courfe of this work, but, not content with 
this, I am now entering upon a long fedion, 
which contains nothing elfe. 

The conjedures that I have ventured to ad¬ 
vance in the body of the w^ork will, I hope, be 
found to be pretty well fupported by fads; but 
the prefent fedion will, I acknowledge, contain 
mapy random thoughts. I have, however, thrown 
them together by themfelves, that readers of lefs 
imaginadon, and who care not to advance be¬ 
yond the regions of plain fad, may, if they 
pleafe, proceed no farther, that their delicacy 
be not offended. 


ev 


In extenuation of my offence, let it, how- 
VAI- be confidered, that theory and experiment 
’ ne- 
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neceffarily go hand in hand, every procefs be¬ 
ing intended to afeertain feme particular hypo- 
ihejis, which, in fa£t, is only a conjeflure con¬ 
cerning the circumftances or the caufe of 
fome natural operation j confequently that the 
boldeft and moft original experimenters are 
thofe, who, giving free fcope to their imagina¬ 
tions, admit the combination of the moil; diftant 
ideas; and that though many of thefe alTocia- 
tions of ideas, will be wild and chimerical, yet 
that others will have the chance of giving rife 
to the greatefl: and moft capital difeoveries ; 
Aich as very cautious, timid, fober, and flow¬ 
thinking people would never have come at. 

Sir Ifaac Newton himfelf, notwithftandino- 
the great advantage which he derived from a 
habit of patient thinking, indulged bold and 
excentric thoughts, of which his Queries at 
the end of his book of Optics are a fufEcieht 
evidence. And a quick conception of diftant 
analogies, wdiich is the great key to unlock the 
fecrets of nature, is by no means incompatible 
with the fpirit of perfeverance, in inveftigations 
calculated to afeertain and purfue thofe ana¬ 
logies. 
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^icries, Speaiktiom, 


§ I. Sp'/culatLns concerning the constituent 
PRINCIPLES of the diferent kinds of air, and 
the constitution end origin of the atmo- 

SPHERE, &:C. 

All the kinds of air that appear to me to be ^ 
effentially cliftindt from each other are fixed 
air, add and alkaline ; lor thefe, and anotner 
principle, called phlogijlon, which I have not 
been able to exhibit m the form of air, and 
which has never yet been exhibited by itfelf in 
any form, feem to conftitute all the kinds of air 
that I am acquainted with. 

Acid air and phlogUlon conftitute an^ air 
which either extinguiflies flame, or is itfelf in¬ 
flammable, according, probably, to the quantity 
of phlogifton combined in it, or the mode of com¬ 
bination. Whon -it extinguiflies flame, it is pro¬ 
bably only fo much charged with the phlogiftic 
matter, as to take no more from a burning can¬ 
dle, which muft, therefore, neceflkrily go out 
in it. When it is inflammable, it is probably 
fo much charged with phlogifton, that the heat 
communicated by a burning candle makes it 
immediately feparate itfelf from the other prin¬ 
ciple with which it was united, in which repa¬ 
ration heat is produced, as in otlier cafes of ig- 
nidon; the adlion and reacftion, which neceflTarily 
attends the feuaraticu of the conftituent princi¬ 
ples. 
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pies, exciting probably a vibratory motion in 
them. 

Since inflammable air, by agitation in water, 
firfl: comes to lofe its inflammability, fo as to be 
fit for refpiration, and even to admit a candle 
, to burn in it, and then comes to extingtiifli a 
candle j it feems probable that water imbibes a 
great part of this extraordinary charge of phlo- 
giflon. And that water can be impregnated 
with phlogilbon, is evident from many of my 
experiments, efpecially thofe in which metals 
were calcined over it. 

Water having this affinity with phiogiflnn, it 
is probable that it always contains a confiticr- 
able portion of it; which phlogifton having a 
ftronger affinity with the ackl air, which is per¬ 
haps the bafis of common air, may by long 
agitation be communicated to it, fo as to leave 
it over faturated, in confequence of which it 
will extinguifli a candle. 

It is pofSbIe, however, that inflammable air 
and air v/hich extinguiflies a candle may difl'er 
from one another in the mode of the combina¬ 
tion of thefe two conftituent principles, as well 
as in the- proportional quantity of each ; and 
by agitation in water, or long Handing, that 
mode of combination may change. This we 
S 3 know 
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knov/ to be the cafe with other fubftances, as 
with milk, from w'hich, by ftanding only, cream 
is feparated ; which by agitation becomes but¬ 
ter. Alfo many fubftances, being at reft, pu¬ 
trefy, and thereby become quite different from 
what they were before. If this be the cafe with 
inflammable air, the water may imbibe either . 
of the conftituent parts, whenever any propor¬ 
tion of it is fpontaneoufly feparated from the 
reft; and fhould this ever be that phlogifton, 
with which air is but flightly ovei-charged, as 
by the burning of a candle, it will be recovered 
to a ftate in which a candle may burn in it again. 

It will be obferved, however, that it was only 
in one inftance that I found that ftrong inflam- 
mable air, in its tranfition to a ftate in which it 
extinguilhes a candle, would admit a candle to 
burn in it, and that was very faintly *, that then 
the air was far from being pure, as appeared by 
the teft of nitrous air; and that it was only from 
a particular quantity of inflammable air which 
I got from oak, and which had flood a long ■ 
time in water, that I ever got air which w^as as 
pure as common air. Indeed, it is much more 
eafy to account for the paffing of inflammable 
air into a ftate in which it extinguifhes candles, 
without any intermediate ftate, in which it will 
admit a candle to burn in it, than otherwife. 
this fubjed requires and deferves farther invef- 

tlgation. 
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tigation. It will alfo be well worth while to ex¬ 
amine what dilFerence the agitation of air in 
natural or artificial Jea-water will occafion. 

Since acid air and phlogiflon make inflam¬ 
mable air, and fince inflammable air is con- 
, vertible into air fit for refpiration, it feems not 
to be improbable, that thefe two ingredients are 
the only eflential principles of common air. 
For this change is produced by agitation in wa¬ 
ter only, without the addition of any fixed air, 
though this kind of air, like various other things 
of a foreign nature, may be combined with it. 


Cop.fidcring alfo what prodigious quantities 
of inflammable air are produced by the burning 
of fmall pieces of wood or pit-coal, it may 
not be improbable but that the volcanos, with 
which there are evident traces of almoflthe 
whole furface of the earth having been over- 
fpread, may have been the origin of our at- 
mofphere, as well as (according to the opinion 
^f fome) of ail the folid land. 

The fuperfluous phlogifton of the air, in the 
ftate in which it iffues from volcanos, may have 
been imbibed by the waters of the fea, which 
it is probable originally covered the furface of 
the earth, though part of it might have united 
with the acid vapour exhaled from the fea, and 
S 4 b}’’ 
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by this union have made a considerable and va¬ 
luable addition to the common mals of air •, 
and the remainder of this over-charge of phlo- 
gifton may have been imbibed by plants as foon 
as the earth was furniHred with them. 

That an acid vapour is really exhaled from 
the fea, by the hear of the fun, feems to be 
evident from the remarkably different Hares of 
the atmofpherc, in this refpcvff, in hot and cold 
climates. In Hudfon’s bay, and alfo in Ruffia, 
it is laid, that metals hardly ever ruu, whereas 
they are remarkably liable to riift in Barbadors, 
and other iflands between the tropics. See 
Ellis’s Voyage, p. 288. This is alio the cafe in 
places abounding with falt-lprings, as Nanc- 
wich in Chefhirc. 

That mild air Ihould confift of parts of fo 
very different a nature as an acid vapour and 
]ihlogi{ton, one of which is fo exceedingly cor- 
rofive, will not appear furpriling to a chemift, 
who conliders the very ftrong affinity whicl^ 
thefe two principles are known to have wdth 
each other, and the exceedingly different pro¬ 
perties w'hich fubftances compofed by them pof- 
fefs. This is exemplified in common fulphu)\ 
which is as mild as air, and may be taken into 
the ffomach with the utmoft fafetj', though no¬ 
thing can be more deftrufiive than one of its 
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conftituent parts, feparately taken, viz. oil of vi¬ 
triol. Common air, therefore, notwithftandinG; 
its mildnefs, may be compofed of fimilar princi¬ 
ples, and be a real fulphwr. 

That the fixed air which makes part of the 
, atmofphere is not prefentiy imb'.beci by the wa¬ 
ters of the fea, on v/hich it refts. may be owing 
to the union which this kind of a’r a!fo appeass 
to be capable of forming with phlogifton. 
For fixed air is evidently of the nature of an 
acid ; and it appears, in fadt, to be capable of 
being combined with phlogifton, and thereby of 
conftituting- a fpecics of air not liable to be im¬ 
bibed by water. Phlogifton, however, having 
a ftronger affinity with acid ai.^, which I iuj)- 
pofe to be the bafis of common air, it is not 
furprifing that, uniting with this, in preference 
to the fixed a'..'', the latter fliould be precipi¬ 
tated, whenever a quantity of common air is 
made noxious by an over-charge of phlo¬ 
gifton. 

The fixed air with which our atmofphere 
abounds may alfo be fupplied by volcanos, from 
the vaft maffes of calcareous matter lodged in the 
earth, together with' inflammable air. Alfo a 
part of it may be fupplied from the fermenta¬ 
tion of vegetables upon the furface of it. At 

pre- 
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prefent, as faft as it is precipitated and imbibed 
by one procefs, it may be fet ioofe by others. 

Whether there be, upon the whole, an in- 
creafe or a decreafe of the general mafs of the 
atmofphere is not eafy to conjedure, but I 
ihould imagine that it rather increafes. It is . 
true that many proceffes contribute to a great 
vifible diminution of common air, and that 
when by other proceffes it is reftored to its 
former wholeibmenefs, it is not increafed in its 
dimenfions j but volcanos and fires ftill fupply 
vafl: quantities of air, though in a ftate not yet 
fit for refpiration ; and it will have been feen in 
my experiments, that vegetable and animal fub- 
ftances, diffolved by putrefadtion, not only emit 
phlogifton, but likewife yield a confiderable 
quantity of permanent elaftic air, overloaded 
indeed with phlogifton, as might be expefted, 
but capable of being purified by thofe pro¬ 
ceffes in nature by which other noxious air is 
purified. 

That particles are continually detaching 
themfelves from the furfaces of all folid bodies, 
even the metallic ones, and that thefe particles 
conftitute the moft permanent part of the at¬ 
mofphere, as Sir Ifaac Newton fuppofed, does 
not appear to me to be at all probable. 


My 


My readers will have obferved, that not only 
is common air liable to be diminiflied by a mix¬ 
ture of nitrous air, but likevvife air originally 
produced'from inflammable air, and even from 
nitrous air itfelf, which never contained any 
fixed air. From this it may be inferred, that 
Jthe whole of the diminution of common air by 
phlogifton is not owing to the precipitation of 
fixed air, but from a real contraSion of its di- 
menfions, in confequence of its union with 
phlogillon. Perhaps an accurate attention to 
the fpecjfic gravity of air procured from thefe 
different materials, and in thefe different flares, 
may determine this matter, and afllft us in invef- 
tigating the nature of phlogifton. 

In what manner air is diminiflied by phlo¬ 
gifton, independent of the precipitation of any 
of its conftituenc parts, is not eafy to conceive ; 
unlefs air thus diminifhed be heavier than, air not 
diminiflied, which I did not find to be the cafe. 
It deferves, however, to be tried with more at¬ 
tention. That phlogifton fhould communicate 
abfolute levity to the bodies with which it is 
combined, is a fuppofition that I am not willing 
to have recourfe to, though it would afford an 
?afy folution of this difficulty. 

I have likewife obferved, that a moufe will 
live almoft as long in inflammable air, when it 

has 
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has been agitated in water, and even before it 
has been deprived of all its inflammability, as 
in common air; and yet that in this flate it is 
not, perhaps, fo much diminiflied by nitrous air 
as common air is. In this cafe, therefore, the 
diminution feems to have been occafioned by 
a contradlion of ciimenfions, and not by a lofs, 
of any conftituent part; fo that the air is really 
better, that is, more fit for refpiration, than, 
by the tefl of nitrous air, it would feem to be. 

If this be the cafe (for it is not eafy to judge 
with accuracy by experiments with fmall ani¬ 
mals) nitrons air will be an accurate tefl of the 
o-oodnefs of coimnon ah' onh*, that is, air con- 
taining a confiderable proportion of fixed air. 
•But this is the moft valuable purpofe for which 
a tefl of the gcodnefs of air can be wanted. It 
will ftill, indeed, ferve for a meafure of the 
soodnefs of air that docs not contain fixed air ; 
bur, a fmalier degree of diminution in this 
cafe, muft be admitted to be equivalent to a 
m'eater diminution in the other. 


As I could never, by means of growing ve¬ 
getables, bring air which had been thoroughly 
noxious to fo pure a flate as that a camllc would 
burn in it, it may be fufpefted that fomething 
elfs befules vqsctation is neceflary to produce 
tins efledl:. But it lliould be confidered, that 


no 
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no part of tlie common atmofphere can ever be 
in tills highly noxious ftate, or indeed in a fcate 
in which a candle will not burn in it; but that 
even air reduced to this tlaic, either by candles 
actually burning out in It, or by breathing it, 
has never failed to be perfedlly reftored by 
-vegetation, at leaft fo far that candies would 
burn in it again, and, to all appearance, as 
well, and as long as ever; fo that the growing 
vegetables, with which thefurface of the earth 
is overfpread, may, for any thing that appears 
to the contrary, be a caufe of the purification 
of the atmolphere fufEciently adequate to the 
effed. 

It may likewife be fufpected, that fince agi¬ 
tation in zvater injures pure common air, the 
agitation of the fea may do more harm than 
good in this refped. But it requires a much 
more violent and longer continued agitation of 
air in water than is ever occafioned by the waves 
of the fca to do the leaft fcnfible injury to it. 
Indeed a flight agitation of air in putrid zvater 
injures it very materially; but if the water be 
fweer, this efFeft is not produced, except by a 
long and tedious operation, whereas it requires 
but a very fliort time, in coraparifon, to reftore 
a quantity of any of the moft noxious kinds of 
air to a very great degree of wholeforaenefs by 
the fame procefs. 


Dr. 
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Dr. Hales found that he could breathe the 
fame air much longer when, in the courfe of 
his refpiration, it was made to pais through 
feveral folds of cloth dipped in vinegar, in a 
folution of fea-falt, or in fait of tartar, efpe- 
cially the laft. Statical Effays, vol. i. p. 266. 
The experiment is valuable, and well deferves* 
to be repeated with a greater variety of circum- 
ftances. 1 imagine that the effeft was produced 
by thofe fubftances, or by the water which they 
attraacd from the air, imbibing the phlogiftic 
matter difeharged from the lungs. Perhaps the: 
phlogia-on may unite with the watery part of 
the atmolphere, in preference to any other parti 
of it, and may by that means be more cafily 
transferred to fiich falts as imbibe moifture,’ 

Sir Ifaac Newton defines Jlame to be fumtd 
candens, confidering all /moke as being of the 
fame nature, and capable of ignition. But the' 
fmoke of common fuel confifts of two very 
different things. That which rifes fiift is mere 
water, loaded with fome of the grofler parts of 
the fuel, and is hardly more capable of be¬ 
coming red hot than water itfelf; but the other 
kind of fmoke, which alone is capable of igni¬ 
tion, is properly injiammdhle air, which is alfo 
loaded with other heterogeneous matter, fo as 
to appear like a very denle fmoke. A lighted 

candle foon fhews them to be eflentially difFe'- 

renf 
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rent from each other. For one of them in- 
ilantly takes fire, whereas the other extinguifties 
a candle. 

It is remarkable that gunpowder will take 
fire, and explode in all kinds of air, without 
, diftindlion, and that other fubftanees which 
contain nitre will burn freely in thofe circuni- 
ftances. Now fince nothing can burn, unlefs 
there be fomething at hand to receive the phlo- 
gifton, which is fet loofe in the adt of ignition, 
I do not fee how this fadt can be accounted for, 
but by fuppofing that the acid of nitre, being 
peculiarly formed to unite with phlogifton, 
immediately receives it. And if the fulphur, 
which is thereby formed, be inftantly decom- 
pofed again, as the chemifts in general fay, 
thence comes the explofion of gunpowder, 
which, however, requires the readlion of fome 
incumbent atmofphere, and without which the 
materials will only melty and be difperfed with¬ 
out explofion. 

Nitrous air feems to confift of the nitrous 
acid vapour united to phlogifton, together, per¬ 
haps, with fome fmail portion of the metallic 
calx ; juft as inflammable air confifts of the 
vitriolic or marine acid, and the fame phlogiftic 
principle. It fhould feem, however, that phlo¬ 
gifton has a ftronger affinity with the marine 

acid. 
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acid, if that be the bafis of comrxion air; for 
nitrous air being admitted to common air, it is 
immediately dccornpofed; probably by the phlo- 
giftoii joining with the acid principle of the 
common air, while the fixed air which it con¬ 
tained is precipitated, and the acid of the 
nitrous air is ablurbed by the t\ ater in which 
t'.ie mixture is made, or unites with any volatile 
rdkall that happens to be at hand. 

This, indeed, is hardly agreeable to the hy¬ 
pothesis of molt chemhts, who foppofe that the 
nitrons aewi is ftronger than the marirte, fo as 
to be capable of ddlodging it from any bafe 
with which it may be combined; but it agrees 
with my own experiments on marine acid air, 
which fliew that, in many cafes, this weaker Mui, 
as it is called, is capable of feparating both the 
vitriolic and the nitrous acids from the phlo- 
gifton with which they are combined. 

On the other hand, the folution of metals in 
the different acids feem to fnew, that the nitrous 
acid forms a ciofer unioji with phlogiftcn than 
the other two •, bccaufe the air which is formed 
by tbfi nitrous acid is not inflammable, like 
that which is produced by the oil of vitriol, or 
the fpirit of fait. Alio, the . fame tveight of 
iron does not yield half the quantity of nitrous 
air that it does of inflammable. 
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The great diminution of nitrous air by phlo- 
giilon is not cafily accounted for, unlefs we 
fuppofe that its fuperabundant acid, uniting 
more intimately with the phlogifton, conftitutes 
a fpecies of fulphiir that is not eafily perceived 
or catched ; though, in the procefs with iron, 
* and alfo in that with liver of fulphur, part of 
the redundant phlogifton forms fuch an union 
with the acid as gives it a kind of inflamma¬ 
bility. 

It appears to me to be very probable, that 
the fpirit of nitre might be exhibited in the 
form of air, if it were poffible to find any fluid 
by which it could be confined ; but it unites 
with quickfilver as well as wnth water, fo that 
when, by boiling the fpirit of nitre, the fumes 
are driven through the glafs tube, fig. 8, they 
inftantly feize upon the quickfilver through 
which they are to be conveyed, and uniting 
v»rith it, form a fubftance that flops up the 
tube: a circnmftance which has more than once 
expofed me to very difagreeable accidents, in 
confequence of the burfting of the phials. 

I do not know any inquiry more promifing 
than the inveftigation of the properties of nitre, 
the nitrous add, and nitrous air. Some of the 
nioft wonderful phenomena in nature are con- 
T , neded 
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neded with them, and the fubjed leems to be 
fully within our reach. 


§ 2. Speculations arifing from the confideration of 
the fimikrity of the etectric matter and 

PHLOGISTON. 

There is nothing in the hiftoryof philofophy 
more ftriking than the rapid progrefs of eleSlri- 
city. Nothing ever appeared more trifling than 
the firfb effects which were obferved of this 
agent in nature, as the attradion and repulfion 
of ftrav/s, and other light fubfcances. It ex¬ 
cited more attention by the flaflies of light which 
it exhibited. We were more ferioufly alarmed 
at the eledrical fiock, and the effeds of the 
eledrical battery ; and we were aftonilhed to the 
highefl; degree by the difeovery of the fimilarity 
of eledricity with lightning, and the aurora bo¬ 
realis, with the connexion it feems to have with 
wier-fpouts, hurricanes, and earthquakes, and 
alfo Vv ith the part that is probably afligned to it 
in the i'-ftem of vegetation, and other the moft 
impoitant procelFes in nature. 

Yet, notwithflanding all this, we have been, 
within a few years, more puzzled than ever 
with the eledricity of the torpedo, and of the 
ano-uille temhlante of Surinam, efpecially fince 
that mofl: curious difeovery of Mr. Wallh’s, 

that 
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that the former of thefe wonderful fhhes has 
the power of giving a proper eleftrical Ihock; 
the eleftrical matter which proceeds from it 
performing a real circuit from one part of the 
animal to the other j while both the fifh which 
performs this experiment and all its apparatus 
> are plunged in water, which is known to be a 
conducing fubftance. 


Perhaps, however,, bp confidering this fadf in 
connexion with a few others, and efpeciall/ 
w'ith what I have lately oblerved concerning the 
identity of eledricity and phlogifton, a lit¬ 
tle light may be thrown upon this fulyedr, 
in confequence of which we may be led to 
conlider eleiflricity in a flill more important 
light. Many of my readers, I am "'aware, 
will fmile at what I am going to advance; but 
the apprehenfion of this fliall not interrupt my 
fpeculations, how chimerical foever they may¬ 
be thought to be. 

The fadls, the confideration of which I would 
combine with that of the eledlricity of the tor¬ 
pedo, are the followino^. 

Firft, The remarkable elcdfricity of the fea¬ 
thers of a paroquet; obferved by Mr. Hart- 
inann, an account of which may be feen in Mr. 
Rozier’s Journal for Sept. xyyi. p. 6 p. This 

® bird 
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bird never drinks, but often waflies itfelf-, but 
the perfon who attended it having neglefted to “ 

fupply it with water for this purpofe, its fea¬ 
thers appeared to be endued with a proper elec¬ 
trical virtue, repelling one another, ana retain¬ 
ing their eledlricity a long time after they were 
plucked from the body of the bird, juft as <> 
they would have done if they had received elec- ' j 

tricity from an excited glafs tube. 

Secondly, The eleclric matter direded 
tlirough the body of any mufcle forces it to I 

contrad. This is known to all perfons who | 

attend to what is called the eledrical fliock i 

which certainly occafions a proper convulfton, • _ 

but has been more fully illuftrated by Father i 

Eeccaria. See my Htjlory of EWricity, p. 402. 

Laftly, Let it be confidered that the proper 
nourifhment of an animal body, from which ^ 

the fource and materials of all mufcular ino- 
tion muft be derived, is probably fome modifi- i 

cation of phlogifton. Nothing will nounfli 
that does not contain phlogifton, and probaoly 
in fuch a date as to be eafily feparated from it 
by the animal fundions. 

That the fource of mufcular motion is phlo- 
o-ifton is ftill more probable, from the confidera- 
rion of the well known effeds of vinous and 

fpirituous 
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ipirituous liquors, which confifl: \'ery much of 
phlogiilon, and which inilantly brace and 
ftrengchen the whole nervous and mufculai' 
iyftem ; the phlogifton in this cafe being, per¬ 
haps, more eafiiy extricated, and by*^a lefs 
tedious animal procefs, than in the ufuai me— 
' thod of extradting it from mild aliments. 
Since, however, the mildeft aliments do the 
fame thing more flowly and permanently, that 
fpirituous liquors do fuddenly and tranfiently, 
it leems probable that their operation is ulti¬ 
mately the fame. 

This conjedture is lilcewile favoured^ by my 
oblervation, that refpiration and putrefadion af- 
fed common air in the lame manner, and in 
the fame manner in which all other procefles 
dimi.nifli air and make it noxious, and which 
agree in nothing but the emiffion of phlogiflon- ' 
li this be the cafe, it fliould leem that the 
pnlogifton which we lake in with our aliment, 
after having difeharged its proper fundion in 
the animal fyftem (by which it probably under-" 
goes fome unknown alteration) is difeharged as 
effete by the lungs into the great common men- 
ftrunm, the atmofphere. 

My conjedure fuggefted (whether fnpported 
or not) by thefe fads, is, that animals have a 
power of converting phlogifton, from the ftate 
I' - 

^ m 
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in \vhlch they receive it in their nutriment, inro 
that fcate in which it is called the electrical 
fluid; that the brain, befides its other proper 
ufes, is the great laboratory and repofitory for 
this purpofe ; that by means of the nerves thts 
great principle, thus exalted, is directed into 
the mufeies, and torces them to aft, in the » 
'lame manner as they are forced into aftion 
when the eleftric fluid is thrown into them ah 
extra. 


I farther fuppofe, that the generality of ani¬ 
mals have no piower of throwing tuis gene¬ 
rated eleftricicy any farther than the limits of 
their own fyitern; but that the torpedo, and 
animals of a fimilar conftruftion, have like- 
wife the power, by means of an additional ap¬ 
paratus, of throwing it farther, fo as to aSeft 
other animals, and other fubftances at a dubance 
from them. 

In this cafe, it fliould feem that the eleftric 
matter difeharged from the animal fyftem (by 
%vhich it is probably more exhaulled and fa¬ 
tigued than by ordinary mufcular motion) would 
never return to it, at leaft fo as to be capable 
of being made ufe of a fecond time, and yet 
if the ftrufture of thefe animals be fuch 
as that the eleftric matter fliall dart from 
one part of them only, v/hile another part 
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is left fuddenly deprived of it, it ma}’’ make a 
circuit, as in the Leyden phial. 

As to the manner in which the eleftric matter 
makes a mufcle contradk, I do not pretend to 
have any conjefture worth mentioning, I 
" only imagine that whatever can make the muf- 
.cular fibres recede from one another farther than 
the parts of which they confiCl, mull; have this 
eflTeft, 

Poffibly, the light which is faid to proceed 
from fomc animals, as from cars and wild 
beafis, when they are in pnrfuit of tiieir prey 
in the night, may not only arile, as it has 
hitherto been fuppofed to do, from the fridtion 
of their hairs or briftles, &c. but that violent 
mufcular exertion may cojicribute to it. This 
may afiifi: them occafionaily to catch then- 
prey; as glow-worms, and other infects, are 
provided with a conftant light for that purpofe, 
to the fupply of which light their nutriment 
may alfo contribute. 

I v/ould not even fay that the light which 
is faid to have proceeded from fome human 
bodies, of a particular temperament, and cfj)c- 
cially on fome extraordinary occafions. may 
not have been of the eiedlrical kind, that is, 
produced independently of fridlion, or with lefs 
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friftion than would have produced it in other 
perfons ; as in thole cafes related by Bartholiri 
in his treatice De luce animaliim. See particu¬ 
larly what he fays conceriiing Theodore king of 
the Goths, p. 54, concerning Gonzaga duke of 
Mantua, p. 57? 2.nd Gothofred Antoiiius, p. 
123. But I would not have my readers fuppofe » 
that I lay much ftrefs upon ftories no better 
authenticated than thefe. 

The eledtric matter in paffing through non- 
condudting fubftances always emits light. This 
light I have been fometimes inclined to fafpedt 
might have been fupplied from the fubftance 
through which it paffes. But I find that after 
the eledtric fpark has diminifiied a quantity of 
air as much as it poffibly can, fo that it has 
no more vilible effedl upon it, the eledtric light 
in that air is not at all leflened. It is proba¬ 
ble, therefore, that eleftric light comes from 
the eledtric matter itfelf; and this being a mo¬ 
dification of phlogifton, it is probable that all 
light is a modification of phlogifton alfo. Indeed, 
lince no other fubftances befides fuch as contain 
phlogifton are capable of ignition, and confe- 
quently of becoming luminous, it was on this 
account pretty evident, prior to thefe deduc¬ 
tions from eledlrical phenomena, that light and 
phlogifton are the fame thing, in different 
forms or ftates. 


It 
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It appears to me that heat has no more pro¬ 
per connexion with phlogifton than it has with 
water, or any other conllituent part of bodies; 
but that it is a fcate Into which the parts of 
bodies are thrown by their action and readlion 
with refped to one another; and probably (as |:he 
, Englilh philolqphers in general have fuppofed) 
the heated flate of bodies may confifi: of a fub- 
tle vibratory motion of their parts. Since the 
particles which conftitute light are thrown 
from luminous bodies with fuch amazing ve- 
locity, it is evident that, whatever be the caule 
of fuch a projeflion, the reaction confequent 
upon it mull be confiderable. This may be 
fufficient not only to keep up, but alfo to in- 
creafe the vibration of the parts of thofe bo¬ 
dies in which the phlogifton is not very firmly 
combined ; and the difference between the fub- 
ftances which are called injimnniahle and others 
which alfo contain phlogifton may be this, that 
in the former the heat, or the vibration occa- 
fioned by the emiflion of their owm phlogifton, 
may be fufficient to occafion the cmiffion of 
more, till the whole be exhaufted ; that is, till 
the body be reduced to allies. Whereas in bo¬ 
dies which are not inflammable, the heat occa- 
fioned by the emiflion of their own phlogifton 
may not be fufficient for this purpofe, but an 
additional heat db extra may be neceffary. 


Some 



£$2 ^eries. Speculations, 

Some philofophers difiike the term phlogljlon ; 
but, for my part, I can fee no objedtion to 
giving that, or any other name, to a real fome- 
thing, the prefence or abfence of which makes 
fo remarkable difference in bodies, as that of 
metallic calces and metals, oil of vitriol and brim- 
Jlone, &c. and which may be transferred from'" 
one fubftance to another, according to certain 
known laws, that is, in certain definite circum- 
ftances. It is certainly hard to conceive how 
any thing that anftvers this deicription can be 
only a mere quality, or mode of bodies, and 
not a fubjlance itfelf, though incapable of being 
exhibited alone. 4 t leak, there can be no 
harm in giving this name to any thing, or any 
circiimftance that is capable of producing thefc 
effects. If it fhould hereafter appear not to be 
a fubftance, we may change our phrafeology, 
if we think proper. 

On the other hand I difiike the ufe of the 
term fre, as a conftituent principle of natural 
bodies, becaufe, in confequence of the ufe 
that has generally been made of that term, it 
includes another thing or circumftance, viz. 
heat, and thereby becomes ambiguous, and is 
in danger of milleading us. When I ufe the 
term phlogifton, as a principle in the conftitu- 
tion of bodies, I cannot millead mylelf or 
others, becaufe I ufe one and the fame term to 

denote 
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denote only one and the fame trnhiozon caiife 
of certain vveli-knov.'n effetts. But if I fay 
that fire is a principle in the conftitution of 
bodies, I irnifr, at leaft, embarrafs myfclf with 
the diftintShion of fii'c in a Jlatc ef aSlion, and 
fire inaW-ve, or quiefcent, Beiides I think the 
■“ term phlogiflon preferable to that of fiie, be- 
catile it is not in common life, but confined to 
philofoplr/ ; fo that the ufe of it ma}^ be more 
accurately afeertained. 

Befides, if phlogiflon and the eledlric matter 
be the fame thing, though it cannot be exhi¬ 
bited alone, in a quirfeent Jiate, it may be ex¬ 
hibited alone under one of iis modifications, 
when it is in motion. And if light be alfo plild- 
gifton, or fome modification or fubdivifion of 
phlogiflon, the fame thing is capable of being 
exhibited alone in this other form alfo. 

In my paper on the conducing poivsr of char~ 
coal, (See Philofophical Tranfa( 5 lions, vol. 6o. 
p, 221) I obferved that there is a remarkable 
refemblance between metals and charcoal; as 
in both rhefe fubftances there is an intimate 
union of phlogiflon with an earthy bafe ; and 
I faid that, bad there been any phlogiflon in 
zvater, I fliould have concluded, that there had 
been no conducing power in nature, but in 
confequence of an union of this principle with 

fome 
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fome bafe; for while metals have phlogifton 
they condudf eledlricity, but when they are de¬ 
prived of it they condufl: no longer. Now the 
affinity which I have obferved between phlo¬ 
gifton and water leads me to conclude that wa¬ 
ter, in its natural ftate, does contain fome por¬ 
tion of phlogifton ; and according to the hypo-, 
thefts juft now mentioned they muft be inti¬ 
mately united, becaufe water is not inflamma¬ 
ble. 

I think, therefore, that after this ftate of 
hefitation and fufpence, I may venture to lay 
it down as a charadteriftic diftindtion between 
condudting and non-condu6ting fubftances, that 
the former contain phlogifton intimately united 
with fome bafe, and that the latter, if they con¬ 
tain phlogifton at all, retain it more loofely. In 
what maimer this circumftance facilitates the 
paffing of the elediric matter through one fub- 
ftance, and obftrudts its pafTage through an¬ 
other, I do not pretend to fay. But it is no incon- 
ftderable thing to have advanced but one Jiep 
nearer to an explanation of fo very capital a 
diftindtion of natural bodies, as that into con- 
dudtors and non-condudlors of eledtricity. 

I beg leave to mention in this place, as fa¬ 
vourable to this hypothefis, a moft curious dif- 
covery made very lately by Mr. Walfh, who 

being 
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being affifted by Mr. De Luc to make a more 
perfect vacuum in the double or arched baro¬ 
meter, by boiling the quickfilver in the tube, 
found that the eledtric fpark or fliock would 
no more pafs through it, than through a ftick 
of folid glafs. He has alfo noted feveral cir- 
^omitances that aftedt this vacuum in a very* 
extraordinary manner. But fuppofing that va¬ 
cuum to be perfedt, I do not fee how we can 
avoid inferring from the fad, that fome ful- 
fiance is neceffarj to condudt eledtricity ,• and 
that it is not capable, by its own expanlive 
power, of extending itfelf into fpaces void of 
all matter, as has generally been fuppofed, on 
the idea of there being nothing to obftrudl its 
paffage. 

Indeed if this was the cafe, I do not fee how 
the eledtric matter could be retained within the 
body of the earth, or any of the planets, or 
folid orbs of any kind. In nature v.^e fee it make 
the moft fplendid appearance in the upper and 
thinner regions of the atmofphere, juft as it 
does in a glafs tube nearly exhaufted ; but if 
it could expand itfelf beyond that degree of ra¬ 
rity, it would neceflarily be diffiifed into the 
furrounding vacuum, and continue and be con- 
denfed there, at leaft in a greater proportion 
than in or near any folid body, as Newton fup¬ 
pofed concerning his ether. 


If 
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If that mode of vibration which conftitutes 
heat be the means of converting phlogifton 
from that ftate in which it makes a part of fo- 
lid. bodies, and. eminently contributes to the 
firmnds of their texture into that ftate in which 
it diminilhes common air ; may not that pecu¬ 
liar kind of vibration by which Dr. Hartley „ 
fuppofes the brain to be affedfed, and by v/hich 
he endeavours to explain all the phenomena of 
fenfation, ideas, and mulcular motion, be the 
means by which the phlogifcon,' tvhich is con¬ 
veyed into the iyftem by nutriment, is convert¬ 
ed into that form or modification of it of which 
the eledlric fluid ccnflfts. 

Thefe two ftates of phlogifton may be con¬ 
ceived to referable, in feme meafure, the two 
ftates of fixed air, viz. elaftic, or non-elaftic; 
a folid, or a fluid. 



THE 
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I N this Appendix I flaall prefent the reader 
with the communications of feveral of my 
friends on the fubjedt of the preceding work. 
Among them I fliould with pleafure have in¬ 
erted fome curious experiments, made by Dr 
Hulme of Halifax, on the air extraded from 
Buxton water, and^on the impregnation of feve~ 
ral fluids, with difterent kinds of air; but that 
he informs me he propofes to make a feparare 
publication on the fubjed. ^ 


NUM- 
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NUMBER E 

Experiments nade hy Vif. Hey to prove that 
there is Oil 0/ Vitriol in water impreg¬ 
nated whh Fixed Air, 


It havin<^ been fucgefted, that air arifing from^a 
f^nieiingVinture Sf chalk and oil of vitrio might 

rendered volatile by the r.a ot ferraenuuon made 

abforbed. 

Experiment I. 

"imtodatea-fpoonfulot fyrap of 
an ounce of diftilled water, faturated with feed air 
procured from chalk by 

S' Tfhir-- ti colour ol the fyrup at alb 
changed, except by its hmple dilution. 

Experimei^tt IL 

A portion of the fame diftilled water, unimpreg- 

„,X«.edair, t 

above-mentioned mixture. Expe- 
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Experiment lit. 

One drop of oil of vitriol being mixed with a pint 
_fc)f the fame diftilied water, an ounce of this water 
was mixed with a tea-fpoonful of the fyrup. This 
mixture was very diftinguifhable in colour from the 
two former, having a purplifh caft, which the others 
wanted^ 


Experiment IV. 

The diftilied water impregnated with fo fmall a 
quantity of vitriolic acid, having a more agreeable 
tafte than when aloncji and yet manifefting the pre¬ 
fence of an acid by means of the fyrup of violets; I 
fubjected it to fome other tefts of acidity; It formed 
curds when agitated with foapji lathered with difficul¬ 
ty, and veryimperfeaiy; but not the leaft ebullition 
could be difcovered upon dropping in fpiritof fal am¬ 
moniac, or folution of fait of tartar, though I had 
taken care to render the latter free from caufticity by 
impregnating it with fixed air. 

Experiment V. 

The diftilied-wdtef fatur^ted with fixed air neither 
.effervefced, nor fhewed any clouds, when mixed with 
the fixed or volatile alkali. 

Experiment VI. 

No curd w^as formed iiy pouring this water upon 
an equal quantity of milk, and boiling them toge-- 

^ Expe- 
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Experiment VII. 

When agitated with foap, this water produced 
curds, and lathered with fome diflSculty ; but not fo 
much as the diftilled water mixed with vitriolic acid 
in the very fmall proportion above-mentioned. The 
fame diftilled water w'ithcut any impregnation of fixed 
air lathered with foap without the leaft previous curS- 
liiw-. River-water, and a pleafant pump-water not 
reinarkably hard, were compared with thefe. The 
former produced curds before it lathered, but not 
quite in fo great a quantity as the diftilled water im> 
preanated with fixed air; the latter caufed a ftronger 
curd than any of the others above-mentioned. 


Experiment VIIL 

Apprehending that the fixed air in the diftilled wa¬ 
ter occafioned the coagulation, or feparation of the 
oily patt of the foap, only by deftroying the caufti- 
city of the lixivium, and thereby rendering the union 
lefs perfeft betwixt that and the tallow, and not by 
the prefence of any acid; I impregnated a frefli quan- 
titv of the fame diftilled water with fixed air, which 
had paired through half a yard of a wide baromet«- 
tube filled with fait of tartar ; but this water caufed 
the fame curdling with foap as the former had done, 
and appeared in every refped to be exaStly the fame. 


Expe- 
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Expeb-iment IX. 

Diflilled water faturated with fixed air formed s 
♦.vhite cloud and precipitation, upon being mixed with 
a loiution olfaccharumfaturnl. I found likewife, that 
fixed air, after palling through the tube filled with 
p.lkahne fait, upon being let into a phial containing a 
folution of the metalic fait in diftilled water, caufed 
a perfea feparation of the lead, in the form of a 
white powder; for the water, after this precipitation, 
fitewed no cloudinefs upon a frelli mixture of the 
fijbfiances which had before rendered it opaque. 


NtJM. 
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NUMBER IT. 

A Letter from Mr. Hey to Dr. Priestley, concemiteg^ 
the EffeBs affixed Air applied hy way ofClyfler. 

Leeds, Feb. 15th, 1772. 

Reverend Sir, 

Having lately experienced the good efTefts of fixed 
air ina piitrid fever, applied in a manner, I believe 
not heretofore made ufe of, I thought it proper to in-^ 
form you of the agreeable event, as the method o. 
applying this powerful correflor of putrefaftion took 
its rife principally from your obfervations and experi¬ 
ments on factitious air; and now, at your requeft, 

I fend the particulars of the cafe I mentioned to you, 
as far as concerns the adminiftration of this re- 
niedy.- 

January 8-, 177a, Mr. Lightbowne, a young gen¬ 
tleman who lives with me, was feized with a fever, 
which, after continuing about ten days, began to be 
attended withthofc fymptoms th.u indicate a putref- 

cent date of the fluids. 

i8th. His tongue was black in the morning when 
I full vifited him, but the blacknefs went off in the 
day-time upon drinking: He had begun to doze much 
i he preceding day, and now he took little notice of 
thofe that were about him: His belly was ioofe', and- 
had beenfo for fome days: his pulfe beat 110 ftrokes 
in a miniftc, and was rather low: he was ordered to 
‘.ike tweuiy-flve grains of Peruvian bark with five of 

tor- 
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eormentll-root in powder every four hours, and to 
fe red wine and water cold as his common drink. 

^ 19th, I was called to vllit him early in the mora- 
ing, on account of a bleeding at the nofe Which had’ 
come on: he loft about eight ounces of blood, which 
was of a loofe texture: the hemorrhage was fup- 
pieffed, though not xvithout fome difficulty, bv 
means of tents made of foft lint, dipped in cold wa¬ 
ter ftrongly impregnated with tindure of iron, which 
were introduced within the noftrils quite throimh to 
their poftenor apertures; a method which has never 
yet fax ed ine in like cafes. His tongue was now 

. imiffi^d by dniiking: his teeth were furred with the 
-ame kind of fordid matter, and even the roof of his 
mouu and iauces were not free from it: his loofenefs 
and ftupor continued, and he was almoft inceffiantly 
muttering to himfelf: he took this day a fcrupirof 
the . eruvian hark with ten grains of tormentil Lery 
two or three hours: a ftarch clyfter, containing a 
drachm of the compound powder of bole, withrau 
opium, was gn^en morning and evening: a window 
was fet open in his room, though it was a fevcrc 

tifgai '' ' with 

20th He continued nearly in the fame ftate : when 
roufed from his do/nng, he generally gave a fenlible 
anfwer to the queftions alked him; but lie immediate¬ 
ly relapfed, and repeated his muttering. His Ikin was 

dry, and harlh, but without Kefometimcs 

voided his urine and/.rrr into the bed, but gene "w 

had fenf. enough to oft for the bed-pin: XT";: 

^ 3 naufeated 
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naufeated the bark in fubftance, it was exchanged for 
Huxham’s tinSure, of which he took a table fpoon- 
ful every two hours in a cup full of cold water: he • 
drank fometimes a little of the tindlure of rofes, but 
l)is common liquors were red wine and water, or rice- 
water and brandy acidulated with elixir of vitriol: 
before drinking, he was commonly requefted to rinfe 
his mouth vvith water to which a little honey and vine« 
gar had been added. His loofenels rather increafed, 
and the ftools were watery, black, and foetid : It was 
judged neceffary to moderate this diicharge, which 
feemed to fink him, by mixing a drachm of the the. 
riaca AniroinacU with each clyllcr. 

2ift. The fame putrid fymptoms remained, and a 
fuhfultui tendintm came on: his llools were more foetid; 
and fo hot, that the nurfe alTured me ihe could not ap¬ 
ply her hand to the bed-pan, immediatelj after they 
were difeharged, without feeling pain on this ac¬ 
count ; The medicine and clyfiers were repeated. 

Reflefting upon the difagreeable neceffity we feemed 
to lie under of confining this putrid matter in the in- 
teftines, left the evacuation flrould deftroy the wr vites 
before there was time to corred its bad quality, and 
overcome its bad effeas, by the means we were ufing; 

I confidered, that, if this putrid ferment could be 
more immediately correaed, a flop would probably 
be put to the flux, which feerned to arife from, or at 
leaft to be encreafed by it; and the foines of the dif- 
eafe would likewife be in a great mealure removed.^ I 
thought nothing was fo likely to efiba this, as the m- 
troduaion of fixed air into the alimentary canal, 
which, from the experiments of Dr. Macbride, and 
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jofeyou have made fince his publication, appears to 
e the moft powerful correaorof putrefaaion luther- 

> known. I recolleaed what you had recommended 

> me as deferving to be tried in putrid difeafes, I 
lean, the injeaion of this kind of air by way of 
lyfter, and judged that in the prefent cafe fuch a me^ 
lod was clearly indicated. 

The next morning I mentioned my refleaions to 
'r.Hird and Dr. Crowther, who kindly attended 
lis young gentleman at my retjueft, and propofed 
le following method of treatment, which, with 
leir^approbation, was immediately entered upon- 
i^e firft gave him five grains of ipecacuanha, toeva- 
aate in the moft eafy manner part of the putrid col~ 
■vies : he was then allowed to drink freely of brifk 
range-wine, which contained a good deal of fixed 
r, yet had not loft its fweetnefs, The tlndure of 
Ilk was continued as before; and the water which 
e drank along with it, was impregnated with fixed 
r from the atmofphere of a large vat of fermenting 
ort, in the manner I had learned from you. Inflead 
f the aftringent clyfter, air alone was injefted, col- 
:aed from a fermenting mixture of chalk and oil of 
■triol : he drank a bottle of orange-wine in the courfe 
f this day, but refufed any othei lirjuor except wa- 
■r and his medicine ; two bladders full of air were 
irown up in tlie afternoon. 

25d. His flools were lefs frequent; their heat like- 
ife and pcculiaryf-rfar were confiderably diminiflred; 
IS muttering was much abated, and x\stfuhfithus Uil 
num had left him. binding that part of the air was 
ijeded when given with a bladder in the ufual way, I 
U 4 
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contrived a method of. injeSing it which was not fo-li- 
able to this inconyenience. I took rhe flexible tube of 
that inftrument which is ufed for throwing up the fume 
of tobacco^ and tied a fmall bladder.to the end of it 
that is connefted with the box made for receiving the 
tobacco, which I had previoufly taken off from the 
tube: I then put fome bits of chalL in,to a flx 
ounce phial until it was half filled ; upon thefe I, 
poured fuch a quanti,ty of oil of vitriol as I thought 
capable of faturating the chalk, and immediately tied 
the bladder, which I had fixed to the tube, round the 
neck of the phial: the clyfter-pipe, which was faf- 
tened to the other end of the tube, was introduced in¬ 
to the anus before the oil cf vitriol was poured upon 
the chalk. By this method the air palled gradually 
into the inteftines as it was generated; the rejcaion 
of it was in a great meafure prevented ; and the in¬ 
convenience of keeping the patient uncovered during 
the oper^tioh avoided. 

24t'!h^-'He lyas fo much better, that there ieemed 
%0 he ng neceffity for repeating the clyij,ers: the o- 
ther me^nsi yvere .continued. The windQ^^ of his 
ifodm was no\y kppt fhut. 

25th, All the fymptoins of putrefccncy had left 
him; his tongue and teeth were cieaHy there remair^ed 
no unnatural blacknefs or fceiGr m his flools, which 
had now regained their proper confluence ^ his dozing 
and muttering were gone-off; aud tha difagreeable 
odour of his breath and perfpiration ^was no longer 
perceived. He took nourifliment to-day, with plea- 
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STir afternooi,* fat up an hour ia his 

His fewer, however, did not immediately leave him • 
hut this we attributed to his having caught cold from 
being inGautioully uncovered, when the window was 
open, and the weather extremely fevere; for a cou<rh 
^hmhhad troubkd hi^tn in fome degree from the be¬ 
ginning, increafed, and he became likewife vervhoarfe 
for fevcralfdays, his pulfe, at the fame time, growing 
quicker: but thcfe complaints alfo went ofl- and hf 

I am. Reverend Sir, 

Your obliged humble Servant, 

Wm. Hev. 


P o s T c R I P T. 


^ . w-i,(y*utr ay, 

l-evers of the putrid kind have been fo rare in ‘hi. 
town, and m its neighbourhood, fince the commen^l 
ment of the prefent year, that I have not had an on-, 
portunity of trying again the efTefts of fixed air, given 
by.umyofclyfter, many cafe exaaiy fimilar to^Mr. 
Lighthowne’s. I have twiccglven water faturated with 
fixed air m a fever of the putrcfcent kind, audit 
agreed very well with the patients. To one of them 
the aerial clyfters were adminiftred, on account of a 

loofe* 
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loofenefs, which attended the fever^ though the ftools 
were not black, nor remarkably hot or foetid. 

Thefe clyfters did not'remove the loofenefs, though 
there was often a greater interval than ufual betwixt 
the evacuations, after the jnjeftion of them. The 
patient never complained of any uneafy diilention of 
the belly from the air thrown up, -which, indeed, is • 
not to be wondered at, confidering how readily this 
kind of air is abforbed by aqueous and other fluids, for 
■which fufHcient time w’as given, by the gradual man¬ 
ner of injedling it. Both thole patients recovered 
though the ufe of fixed air did not produce a crifis be¬ 
fore the period at which fuch fevers ufually terminate. 
They had neither of them the opportunity of drinking 
fuch wine as Mr. Lio-htbowne took, after the ufe of 
fixed air was entered upon; and this, probably, was 
fome difadvantage to them. 

I find the methods of procuring fixed air, and Im¬ 
pregnating water with it, which you have publillied, 
are preferable to thofe I made ufe of in Mr. Light- 
bowne’s cafe. 

The flexible tube ufed for conveying the fume of 
tobacco into the inteftines, I find to be a very conve¬ 
nient inflrument in this cafe, by the method before- 
mentioned (only adding water to the chalk, before the 
oil of vitriol is inftilled, as you direft) the injeftion 
of air may be continued at pleafure, without any other 
inconvenience to the patient, than what may arife 
from his continuing in one pofltion during the opera¬ 
tion, which fcarcely defervc-s to be mentioned, or 

from 
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from the continuance of the clyfter-pipe within the 
anus, which is but trifling, if it be not ftiakenmuch, 
or pufhed agaiDft the re£lum. 

When I faid in my letter, that fixed air appeared to 

be the greateft correaor of, jiutrefaaion "hitherto 
known, your philofophical. refearches had not then 
* made ypu acquainted with that moft remark-ab]y anti- 
feptic property ofnitrdus air. Sihce youfavpured me 
with a view of fome'aftohifhing proofs of this, I have 
conceived hopes, that this kind of air may likewife be 
applied rhedicinally to great ad.vafttage.. 

• W.H.. 


N U M- 
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Olfervailons cn the Medicinal Uses of Fixed 
' Airc* By Thomas Percival, M. D. Fellow' ^ 
of the Royal Society, end of the Society 
vf Antiquaries in London* 

Thefe Obfervations' on tbe Medicinal -Uses of 
Fixed Air have been before publiilied in the Se¬ 
cond Volume of my Eflays; but are here reprinted 
with conliderable additions* They form a part of 
an experimental inquiry into this interefling and 
curious branch'of Phyfics ; in which the friend- 
iliip 01 Dr, Prieftley firft engaged me, in concert 
with himfelf. 


Manchefter, March i6, 1774* 


I N a courfe of Experiments, which is yet unfinifhed, 
I have had frequent opportunities of obferving 
that Fi.xED AIR may in no inconfiderable quantity be 
breathed without danger or uneaiinefs. And it is ^ 
confirmation of this conclufion, that at Bath, where 
the waters copioufly exhale this mineral fpirit,"^ the 
|.2ihers infpire it with impunity. At Buxton alio, 
where the Bath is in a cicfe vault, the cffefts of fuch 
sflurjiay if noxious, muft certainly be perceived. 

* See Dr. Falcontr’s \'ery ufcful ar.d ingenious tieatifsj on the Bath 

Encou- 
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Encouraged by thefe eonfiderations, and ftill more 
by the teftimony of a very judicious Phyllcian at Staf¬ 
ford, m favour of this powerful antifeptic remedy, I 
a ve admmiftered fixed air in a confiderable number of 
cafes of the Phthisis PiiLMOHAiis,bydireaing my 
patients to mfpire the fleams of aneffervefcingmiLre 
of chalk and vinegar; or what I have lately preferred, 
.9. vinegar and potafh. The hedlic feVer has in feve- 
ra mftancesbeenconliderably abated, and the matter 
xpe^orated has become lefs ofFenfive, and better di- 
g e . I have not yet been fo fortunate in any one 
cafe, as to efFea a cure; although the ufe of me- 
P itic air has been accompanied with proper internal 
medicines But Dr. Withering, the gentleman re¬ 
ferred to above, informs me, that he has been more^ 
uccefsfu . One Phthilical patient under his care has 

a imi ar eourfe intirely recovered; another wasr 

rrni ^ third, whofe cafewasi 

ruly deplorable, feemed to be kept alive by it more 
than two months. It may be proper to obferve that 
ixe air can only be employed with any profpeft of 
fuccefs, m the latter ftages pf xkt phtJnfis puLnalis, 
when a purulent expeaoration takes place. After the 
rupture and difcharge of a Vomica- alfo, fuch a re¬ 
medy promifes to be a powerful palliative. Antifeptic 
fumigations and vapours have been long employed, 
and much extolled in cafes of this kind. I made the 
o owing experiment, to determine whether their ef- 
hcacy, in any degree, depends on the reparation of 
Ji'Xed air from their fubftance. 


end of a bent tube was fixed in a phial full of 
lime-water; the other end in a bottle of the tinfture of 

myrrb ^ 
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myrrh. The i’an£i:ures were carefully luted, and the 
phial containing thetindure of myrrh was placed iii 
water, heated almoft to the boiling point, by the lamp 
cf a tea-kettle. A number of air-bubbles were fepa- 
rated, but probably not of the mephitic kind, for no 
precipitation enfued in the lime water. This experi¬ 
ment was repeated with the tln£i^ tolutufiiSy ph. ed, and 
with fp, vinos, camp, and the refult was entirely the ■■ 
fame'.* The medicinal adion therefore of the vapours 
raifed from fuch lindures, cannot be aferibedto the 
extrication of fixed air; of which k is probable bo¬ 
dies are deprived by chctuicalJcduUoTi as well as by 
mixture. 

If mephitic air be thus capable of correding puru¬ 
lent matter in the lungs, we may reafonably infer it 
will be equally ufeful when applied externally to foul 
ULCERS. And experience confirms the conclufion. 
Even the fanies of a cancer, when the carrot poul¬ 
tice failed, has been fweetened by it, the pain miti¬ 
gated, and a better digeftion produced. The cafes 
I refer to are now in the Manchefter infirmarv, under 
the diredion cf my friend Mr. White, whofe Ikill as 
a furgeon, and abilities as a writer are well known to 
the public. 

Two months have elapfed fince thefe obfervations 
were written,-and the fame remedy,during that period, 
has been affiduoufly applied, but without any farther 
fuccefs. The progrefs of the cancers feems to be 
checked by the fixed air; but it is to be feared that a 
cure will not be efFeded. A palliative remedy, how- 


» 1772* 


€verir 
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ever, in a difeafe fo defperate and loathfome, may be 
Conlidered as a very valuable acquifition. Perhaps ni¬ 
trous AIR might be ftill more efficacious. This fpe- 
cies of faaitious air is obtained from all the metals 
except zinc, by means of nitrous acid; and Dr. 
_ rieftley informs me, that as a fweetener and antifeptk 
It far furpaffes fixed air. He put two mice into a quan¬ 
tity of it, one juft killed, the other offenfively putrid. 
After twenty-five days the^ were both perfeaiy 


In the ULCEROUS sore throat much advantage 
has been experienced from the vapours of effervefcino- 
mixtures drawn into the fauces f. But this remedv 

fliould not luperfede the ufe of other antifeptic appli- 
cations. § i rr 


Aphyfician^^ who had a very painful apthous ul- 
CER at the point of his tongue, found great relief, 
when other remedies failed, from the application of 
fixed air to the part affeaed. He held his tono-ue over 
an effervefcing mixture of potalh and vinegar° and as 
the pain was always mitigated, and generally removed 
by this vaponlation, he repeated it, whenever the an- 
guifii arifing from.the ulcer was more than ufually fe- 
vere. He tried a combination of potafli and oil of vi¬ 
triol well diluted with water; but this proved ftirau- 
lant and increafed his pain; probably owing to feme 

t V:d. Mr. White’s ufcful ireatife on the management of pregnant and 
lying-in womeri; p. 279. 

§ Seethe authoi’s obfe.vations on the efficacy of external applications m 
e ulcerous fore thioats, ElTays medical and expeiimental, Vol. I. ad edit, 
P- 377- 

The author of thefe obfervations. 


particles 
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particles of the acid thrown upon the tongue, by the 
violence of'the’effervefcence«( For a paper ftained 
with the purple ]\iice of radifhesy when held at an equal 
diftance over two veffels,the one containing potafh and 
vinegar, the other the fame alkali and Spiritus mtrlofi 
tenttis, was unchanged by the former, but was fpotted 
with red, in various parts, by the latter. ^ 

In MALIGNANT FEVERS wines abounding with fixed 
air may be adminifiered, to check the fepttc ferment, 
and fweeten the putrid cclluvies in xhtfrima via. If 
tho laxative quality of fuch liquors be thought an ob- 
jeftion to the ufe of them, wines of a greater age 
may be given, impregnated with mephitic air, by ^ 
fimple but ingenious contrivance, of my friend Dr. 

Piieftley*-h 

The patient’s common drink might alfo be medi¬ 
cated in the fame way. A putrid ‘diap.rhjea fre- 
quentlv occurs in the latter itage of luch dii’ordetE r 
and it is a moft alarming and dangerous iymptom. If 
the difcharge be flopped by aftringents, a forties 

is retained in the body, which aggravates the deflrium 
and increafes the fever^ On the contrary, if it be 
■fuitered to take its courfe, the flrcngfn of the patient 
muft loon be exhauilcd, and death unavoidably enlue. 
The injeilion of mephitic air into the inteitines,^un¬ 
der thefe clrcumftances, bids fair to benignly fervice- 
able. And a cafe of this deplorable kind, has lately 
been communicated to me, in which the vapour o,f 

t 

Dirc£^icns for impregnating n-ater with air, in order ‘ 

Jftumcate to ir ihe pccoliar i'pirit and virturs of Pyrmont water, ana, 
«thcr miner waterrs cf a Crmhr narur-*. 

chaik 
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chalk and oil of vitriol conveyed into the body by 
the machine employed for tobacco clyfters, quickly re- 
flrained the diarrhaa, correaed the heat and factor 
of the ftools, and in two days removed every fymp- 
tom of danger Two fimilar inilances of' the fa- 
lutary effeas of mephitic air, thus adminiftered, have 
occurred alfo in my own praaice, the hiftory of which 
1 mail brieliy lay before the reader. May we not 
prelume that tlje fame remedy would be equally ufe- 
ful in the Dysentery? The experiment is at leaft 
worthy of trial. 

Mr. W - , aged forty-four years, corpulent, in- 

adive, with a lliort neck, and addiaed to habits of 
intemperance, was attacked on the 7th of July 1772 
with fymptoms which feemed to threaten an apoplexy! 
On the 8th, a bilious loofenefs fucceeded, with a 
profufe haemorrhage from the nofe. On the qth I 
was called to his aiTlfbance. His countenance was 
bloated, his eyes heavy, his fkin hot, and his pulfe 

hard, full, and oppreffed. The diarrhsea continued • 
his ftooh were bilious and very olFenfive; and Im 
complained of griping pains in his bowels. He had 
loft, before I faw him, by thedireftion of Mr Hall 
a furgeon of eminence in Manchefter, eicrht ounces’ 
of blood from the arm, which was of a lax tex 
ture; and he had taken a faline mixture every 
lixth hour. The following draught was prefcribed 
and a dofe of rhubarb direded to be adminiftered ^ 
night. 

* Referring tlic cafe communicated by Mr. Hey, 
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R. Aq. Cinnam, ten. Jj- 

Slice. Linion. recet. J 1^. 

Sails 2<lh i sr. xij. Syr. e Sacco Llmcn, 3 /. M.f. Hauf. 

At IS hoTis Jii/nendus. 

5 ^X'liG l^ziiyYh^ei \v3.s iTiorc TnoGcrs-ts ^ liiss 
griping priins were aDsLed ; anti he li?,d lefs flupor and 
dejection in his countenance. Pulfe 9O5 not io hard or* 
opprefied. x\s his ftocls continued to be foetid, the dofe 
of rhnbarb was repeated ; and inilead of fimple cin¬ 
namon-water, his draughts were prepared with an 
infuiicn ot columbo root. 


12. The A.vnAc.? continued; his ilooU \tere in- 
vohtntary ; and he diicharged in this way a quantity 
of black,' ^ruinous, and feetid blood. Pulfe haid and 
ouick; Iklnhot; tongue covered with a dark fur; 
abdomen Uvelled; gieat ftupor. Ten grains of co- 
lumbo root, and fifteen ot tne Gaa'.iui ajtihi- 

trrrr were added to each draught. Fixed air, under 
the form of clyders, was injeefed eteij’' fecond or 
third hour; and direitions were given to fupuly the 
patient pLutifully with water, artincial'y impregnated 
with mephitic air. A blider was alfo laid between 
his IhiGuiders. 


I'-. The Diarrhcea continued, wuh frequent dii- 
eharges of blood ; but the ilools hail now lofc their 
I'cetob Pulfe lao; great flatulence in the bow'els, 
and fulnefs in the beliy. 1 he clyflers ot fixed a.r 
aiwa-s diminifltcd the tenficn of the Abdc::::n, abated 


T. ci! 


pc 


taience, and made the patient more eafy and corn- 
fed for feme time after tlreir injcaion. They were 

direSed 
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direaed to be continued^ together wkb the medicated 
. water. The nitre was omitted, and a fcruple of the' 
Confea. DamBcraUs was given every foiuth iioar, in 
sn infulion of colambo roo'to 


14 - The Diai-rhsa was now checked. I-Jis other 
fymptoms contin aed as neforc. liJiliers weie applied 
^ the arms; and a drachm and a haif of the rinaura 
^erpentaria was added to each draua-’nt. 

15. His pulfe was feeble, quicker, and moVe irre- 
plar. He clofed much j talked incoherently,- and 
labonred under a flight degree of Dyfpnaa. HI s urine, 
which haci hitherto afi’nraed no remarkable appear.incel 
now became pale. I'hough he difciiarged wind veiy 
freely, his belly was muchiwelled, except for a fliort 
time after the injeftion of the air-clvders. The fol- 
iowir>g draughts were then preferibei 

R Camphor a: nmc'ih^. (?, Au-l. fihu a gr. ©/;/. 

Injnf. Rad. Cotumho gjfs Tuia. Sorpait. 'qn 
Cerfoa. Card. 3/ Syr. i CAt. Arr.ml 3 ! m.f.Hatijh 
^.tis horis finncHihis. 

Direaions were given to foment his feet freciuently 
v/ith vinegar and warm wacero 

16. He has had no ftools fince the 14th. His Ah-h..^ 
vun IS tenfe. No change in the otlier lymptoms. 
Ihe nna. Serpent, was oiiiiricd in his drauNits, and 

an equal quantity of Tina. Rhai Sp. fabldiiuied in its 
plach. 
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la the evening he had a motion to ftool, of which 
he was for the firft time fo fenfible, as to give notice ' 
to his attendants. But the difcharge which was con- 
liderable and llightly ofFenfive, confifted a mo 
tirely of blood, both in a coagulated and a Miixi 
ftate. His medicines were therefore varied asfol ovvs- 

Bi. DecoB. Cort.per %ifs TinB. Cert, sjufd. ^ij- 
ConfeB. Card. 3; Gum. Ruhr. Aping, gr. 

Pa/n. Alnmin. gr. vij. m. /. Hau/lus ps hits 
jvjneyidus, 

Ued Port wine was now given more freely in his 
medicated water; and his nouriflrment confifte o 
fago and falep. 

Tn this ftate, with very little variation, he continued 
for feveral days ; at one time oftive, and at an^other 
difchargingfmall quantities of feces, mixed with gru- 
5P.OUS blood. The air-clyfters were continued, and 
the aftringents omitted. 

oo His urine was now of an amber colour, and 

depofitedallightfediment. His pulfewas moreregu- 

lar, and although fell very quick, abated in number 
ten ftrokes in a minute. His head was lefs confufed, 
and his deep feemed to be refreflung. No blood ap¬ 
peared in his flools, which were frequent, but fma l 
in quantity; and his^fWswmwas lefs tenfe than ufual. 
He^was extremely deaf ; but gave rational anfwers to 
the few quefeons which were propofed to him; and 
faid he felt no pain. 


21, He 
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21. He paffed a very reftlefs night; his delirium 
» recurred; his pulfe beat 125 ftrokes in a minute I 

his urine was of a deep amber colour when firft voided ; 
but when cold airumed the appearance of cow’s whey® 
T he Abdomen was not very tenfe, nor had he any fur 
ther difcharf^e of blood. 

^ DIreftions were given to fliave his head, and to 
wafli it with a mixture of vinegar and brandy; the 
<iuantity of wine in his drink was diminilhed; and the 
frequent ufe of the pediuivium was enjoined. The 
air clyfters were difcontinued, as his llools were not 
ofFenhve, and his Abdomen lefs diftended. 

22. His pulfe was now fmall, irregular, and beat: 
3:30 ftrokes in a minute. The Dyfpncea was greatly 
increafed ; his ikin was hot, and bedewed with a 
clammy moifture ; and every fymptom feejned to in¬ 
dicate the approach of death. In this ftate he con¬ 
tinued till evening, when he recruited a little. The 
next day he had feveral ilight convulftons. His urine 
which was voided plentifully, ftill put on the appear¬ 
ance of whey when cold. Cordial and antifpafmodic 
draughts, compofed of camphor, rinaure of caftor, 
cind voL aro?nat. were now direacd ; and wine was 
liberally adniinitlered. 

24. He rofe from his bed, and by the afliftance of 
his attendants walked acrofs the chamber. Soon after 
he was feized with a violent convulfion, in which he 
expired* 

To adduce a cafe which terrqinated fatally as a 
proof of the efiicaev of any n^edicine, recommended 

X 3 to 
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to the tattention of the public, may perhaps appear 
fingular; but cannot be deemed abfurd, when that 
remedy anfvvered the purpofes for which it was in-^ 
tended^ For in the inflance before us; fixed air was 
employed, not with an expectation that it would cure 
the fever, but to obviate the fyniptoms of puircfaction^ 
and to aluiv the uneafy irritation in the bowels. The 
difeafe was too malignant, the nervous fyfliem too vio“* 
lently aiFeffed, and the ibiength of the patient too 
much exhaufied bv the dilcharo-es of blood which he 

j 

iir 5 f“red, to alfb/d hopes of recovery from the ufe of 
tbernofl; pov, erlul antifeptics. 

But in the fucceeding cafe the event proved more 
fortunate, 

Elizabeth Grundy, aged feventeen, was attacked 
on the icth of December 1772, with the ufual fymp- 
tems of acontiniud fever. The common method of 
cure was puifued ; but the difeafe increafed, and foon 
affumed a putrid type. 

On the 2^0. 11011 ndher in a confiant delirium, witn 
^fubfultustenc'hua.i. Her lldn was hot and dry, her 
tongue blach, her thirit immoderate, and her itools 
frequent, extremely offenlive, and for the niofl: part 
involuntary. He^ puLc beat i^o ftrcLes jh a ndnuLC 5 
fl'ie dofed much ; and was very deat. I oirented wure 
to be adminiiteied freely; a biifter to be applied m 
her back; the fcdUuvlum to be ufed feveral times in 
the day; and rne^diitic air to be injeaed under the 
form of a clyfier every two hours. The next day 
her ftools were lefs frequent, had loft their lector, 
and were no longer dikharged involuntarily ; her 
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plfe was reduced to i lo ftrokes in the mimite ; and 
iter deliruiin was w.vh abated. Dlreftions weredven 
to repeat ti;e clvdkiw, and tofupply the patientlibe- 
raJv u ith wine. Theie means wei e aiTiduoufly pur“ 
-ued feveral days; and tiie yoimp: woman was fo re- 
ermted by the zBtci, tlwit the irn.aions were difeon- 
tinueii. bhe was now quite larional, and not averfe 
’.to medicine. A dccoaion of Peruvian bark was 
thereb.rc prefenbtr, by the ufe of which fliefpeedily 
recovered her hcdlth. 

I nnohr add a .bird hidory of a putrid difeafe, in 
wduch the menh tic air i« now under trial, and which 
nm-.rds tb.e 'irnny:H pmor both of the and 

of the powers nf remedy ; but as the ilfue 
Oi t'le case r.-mains yet vridetermined (though it is 
hignly prob.ible, ala., * rbnr ir will be fatal)'''I HiaU 
rebite only a yw p-.i tlcaiar, of it. MafterD. a boy 
ot ah uic tw.l'.t years ol'ag--, endowed with an un¬ 
common cap.ifi.), and with tl.c moll amiable difpo- 
fitions, lias laboarc.] manv months under a hc£i:ic 
fever, tne c: ’ile.quence ol levcral tumours in different 
pans of Ills ir-jiiy. Two of thcle tumours we.'e laid 
open by Mr. \vi-,ite, and a large quantity of purulent 
mat' er was difchrrgcd from them. The wounds were 
Very properly treated by iliis utilful furgeon, and every 
Suitable remedy, w’hich my befl judgment could fug. 
gefl, was affiuuoully adminiRered. But the matter 
became linicus, oi a brown colour, and highly putrid. 
A Dhirrh^-i fuccccded ;the patient’s ftools were into 
Icrahly oBenfive, and voided without his knowledtre 
A blac'-. fur colleQed aocui his teeth; his tongue wa 
covered voit\i jiphtha ; and his breach was lb foetid, a, 
icarcciy to be endured. Fiis firength was almoll esc 
•X 4 hauled 
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haufted • a fubfultus tendlnum came on ; and the final 
period o{ his fafFerin-s faemcd to be rapidly ^PP^oadi- 
incr. As a laft, but almofi hopekfs, dTort, I advifed 
the iniefrion of clyfters of mephitic air. fheie ioen 
correaed the fetor cf the patient’s finds; refirmned 
bis DicirL'aa ; and feemed to recruit his fircngt an 
fpirits. Within the fpace of twenty-four hours his ^ 
wounds afiumed a more favourable appearance the 
■matter difcharped from them became of a oettercoioui 
and confifience; and was no longer fo offenfive to the 
finell The ule of this remedy has been continued 
ieveml davs, but is now laid afide. A large tumour 
is fuddenW formed under the right ear ; fwallowing is 
tendered difficult and painful; and the patient refules 
all food and medicine. Mourifnmg cl Tiers are di¬ 
rected ; but it is to be feared that ihefe will renew 

the loofenefs,and that this amiable youth will quicffiy 

link under his difordev 

The uic cf wtrr from its uccharine quality, ard 
diipcfuion to ferment, has ktcly neen propotc-d a- 
rt-medy for theSuA Scurvy. Water or other 
already abounding with fired air in a iepai..te -^..1'-, 
ffiouid feem to be better adapted to this purpcle; as 
I’^ev ■' ill more qnicklv correcl the pul rid dilpmitiou 
cf the fiuids, and at the fame time, by their gentle 
fiimulus ■■ increafe the pcv.crs of cigcluun, and 
new Itrength to the whole iyiiem. 

^ He " ed abo’-it ^ a^d then died. 

- tlv: evre of the fe-.r.;-. 

Dr. 
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Dr. Prieftley, who fuggefted both the idea and the 
fneans of executing it, has under the fandlion of the 
College of Phylicians, propofed the fcheme to the 
Lords of the Admiralty, who have ordered trial to be 
made of it, on board fome of his Majelly’s fliips 
ot war. Might it not however give additional effi¬ 
cacy to this remedy, if inflead of fimple water, the 
' infuilon of malt were to be employed 

I am perfuaded fach a medicinal drink might be 
prefcribed alfo with great advantage in sCRopFinnons 
COMPLAINTS, when not attended with a hedic fever ; 
■and in other difordei's in which a general acrimony 
prevails, and the crafis of the blood is delboycd. 
Under fuch circuniftances, I have fecn D’bict’s wliicii 
Ipread over the body, difappear in a ,fevv days from 
the ufe of wort. 

A gentleman who is fubjea foa fcorbuticcruption 
in his face, for which he has ufed a variety of re¬ 
medies with no very beneficial effi-a, ha„ lately applied 
the fumes of chalk and oil of vitriol to the parts affeA- 
ed. ^ I he operation occalions great itching and prick¬ 
ing in the llcin, and fome degree of drowfinels, but 
evidently abates the ferous difeharge, and dimininms 
the eruption. This patient has feveral fymptoms 
wh.en indicate a genuine fcorbutic Diatiiksis ; and 
It IS probable that iixed air,'taken internally, would 
be an uiual medicine in this cafe. 


The faline draughts of Riverius are Tuppofed to 
ewe their antiemeiic efibas to the air, whicLis fepa- 
rated from the fait of wormwood during the adl of 
eherveicence. And the tonic powers of many mineral 


waters 
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^Y9t£^s fccrn to depend on tii's piinciplco I wss IstS” 
Iv defired to \ifita lady who had moi: ie\ere convui- 
live P EACHiKQS. VarioDS ren^.edieb had bi-en adrnini- 
ilei'cd without edefij before I faw her. She earneflly 
dehred a draught of malt liquor, and was indulged 
with half a pint of Burton beer in bride ePei-. efcence. 
*Xhe vcm’-tii'-gs cesieu immeGiateiyq and le-u.ricd no 
more. Fermenting liquors, it is well know n, abound 
with fmed air. To this, and to the cordial quality of 
the beer, the favourable efea which it produeed, may 
juftly he aibribed. But I Iball exceed my defign by 
enlareinr* further cn tb.H fubjeft.. V-' hat ii as been ad¬ 
vanced it is hoped, v.nll iuOice to ex.: oe tue auenc'.cii 
phv'h-cians to a- remeoe v\iOv n ib Oi i^Ling 

applied to aO many 
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CONER, M. D. cj Bath. 


Jaa 6. 1774 - 

ILevcrcnu Sir^ 

I once ob revved the fairietErie vou mention (Phllofo- 
phical TramaFdons, p. 156. ct dibs Volcnie, p. 35.) 
viz. like tar water, m lome water that i impregnated 
with fixed air about tiiixe years ago- 1 did not then 
know to what to attribute it, but your experiment 
feems to clear it up. I happened to have fpenv all my 
acid for raifmg eirervefcence, and to bepply its place I 
ufed a bottle of dulcined ipirit of rntre, which I 
knew was greatly under-faturated with ipirit of wine • 

from 
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fiomvvliich, as analogous to your obfervation^ I inla¬ 
id glue the eii'efc proceeded- 

As'-‘to the coagulation of the blood qf animals 
by fixed Air^ I fear it wiU feraxe fliinJ the i^Al of 
experiment, cus I this day gave 1 thinks a fair 
trial, ill the followin<r manneix 

O 

A young healthy man, at 20 years old, received a 
contulion by a fail, was inilanrlv canied to a nd'di- 
boiinng furgeon, a^ad, at my rccjucft, Lied in the 
following manner. 

I inferted a glafs funnel Into the reck of a hnvve 
.dear phial about jx. contents, and bled him into ir ? o 
about gviii. By tliefe means the blood was expofed to 
the air as little a rime as poUible, as it flowed into 
the bottle as it came from the orifice. 

As focn as the quantity propoied was drawn, tlio 
bottle was carefully coikeci, and bix.ught rt> rne. It 
was then quite fluid, nor was there tlic lealt iepara- 
lion of its parts. 

On the furface of this I conveyed feveral flreams of 
fixed air (havin;j:fu-l1:pUccd the bottle with the blood 
in a bowl of water, heated as nearly to the luimun 
beat as poiilble) from the mixture of the vitriolicacid 
and lixiv. tartar, which I ufe prcierably to other alka- 


* This refers, to an cipciimenl meniioneti in the lii-rt imlilication of 
thefe; p.,pers in tlw rhilolbpliio.1 T.-anfaitions, but oiniueJ in tins vu- 
Jaixie, 


lines 
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l-,res. as beir.fi (as Dr. Cullen obferves) In the miiaeft 
and therefore moft likely to generate moft air. 

I fliook the phial often, and threw many ftteams of 
air on the blood, as I have often prath.fed with fuccefs 
for impregnating water ; but could not perceive the 
fmalleil: figns of coagulation, although it flood m aii 
ntmofphere of fixed air ao minutes or more ^ 

then uncorked the bottles, and poured oft aoout 
to which I added about 6 or 7 gtts of fpittt o s 1- 
triol, which coagulated it immediately. I fet theje- 
imins in a cold place and it coagulated, as ne.r a 

in tine iV.nc d.n. ti.at Kooa wou.d 
bate done newly drawn from the vein. 

■n Or. o,,.-hyns the clrcumflance ot putrid^vege- 
.^wir'i-’cldim all hxed and no inflammable air may 
hV'ie caufes 0= their proving to -peptic, cs-ent^.i 
putrid, as appears by h-xr. rnexander s r..p 

P. 86. Perhaps the putrid air continually exhaled 
tuay be one caufe of the luxuriancy of plants grovvsng 
cn dunghills or in very rich foils. - 

?. 146. Tour obfervation that inflammable air con- 
frds of the union of ibme acid vapour 
nurc me In mind of an old oblervation of Di. Cuilen, 
that the o.i feparated from loap by an acid “g'J 
Biore iiiOammable than before, refemblmg eueiuial 

oil, and foluble in V. fp- 

I have tried fixed air as an antifeptic taken in by 

r^ralm-ion, but with no great fucceis. In caf - 

memed to be of fervice, in two it feemed maifferent, 
and in cue v.as injurious, by exciting a cough.^^ 
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N U M B E, R V. 

Extras of a Letter from Mr. William Bev/lev, 
Great Massinghaai, Norfolk. 


Dear Sir, 


March 23, 1774. 


I Iiappened to 

r S^’^S ^or the preparation Jiitrous 

ethr, without diftillation.-^ I had heretofore always 

, theelafficfluidgenerated in that 

P‘ . «.a ion vvas/Av.f air: but on examination I found 

ijr with inflammable 

^pui s, produced an elaftic fluid that had the fan- -e- 

tieral properties with the air that you unwillhiX, 
though very properly, in my opinion, term ; 

_ I believe it is not to be procured without employ¬ 
ing the mtrms acid, either in a fimple ftate, or com¬ 
pounded, as in aqua ref a. I ftall fuggelb, however, 

by and by feme doubts with refped to it’s title to the 
a]>peliation of mr. 

Water impregnated with your nitrous air certainly, 
as you lulpectcd from it’s tafle, contains tlie nitrous 

* The (irft account of this curious proceft w. T K„!- ■ ■ c 

Menr-del’Ac. <Jc Sc. do Pa.is for 1 , 43 . TI o;;h ®'.T 

* 1 . ,1 ■ 1 ' r • / r • X nougli iLUTiinglv Jefs ’vuLitila 

ihar the vrtruJrc ether, n boils with a nauch fmuller depret L'heat. O e 
aay aft^er O- 

nct ee b/ he cxplofion attending its drivi.ng out the cork. To fare the 

l S;:\wy;rri »y evaporation, Itooni 

m, itl. oB.iged inSanily to carry it down to my cellar. 


acid. 
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.cid. On fatnraung a quantity of this water with n 
fixed alcali, and then evaporating, &c. I have pio- 
cured two chryftals of nitre. Bnt the pfi«c>pa ob- 
fervations that have occurred to me on tnefubjeaGf 

nitrous air are the following. My expenmentsjiave 

been few and made by fnatches, under every nuad- 
"antage as to apparatus, &c. and with fmquent inter- ^ 
r options; and yet I think they are to be depended upon. 

My firfi remark is, that nitrous air does not give 

.vatera fenfibly acid impregnation, unlefs it comes in- 
to corta'u, or is mixed with a portion of common o. 

■n^.-mal air- andmvfccond,t’natnitrousa;r 

pr" c?Uv confifis of the nitrous acid itfelf, reduced 
£ ih of a vopo»r no. condeni.b.e b^r 

“-6 1 . o o*.r bn. which reqmrcs .he ?«- 

of common eir .0 .eSor. .. .0 >. 

‘ d nliv. fceofaliquid. I am hehoWen 0. tin 

VO-1 wil' perceive, to your own very cuuous 
mea, }o.i . / ? ^q.Xavendiih’s wwnsf 

difcovery oi the ti ae natu.e ..i. i.. 

vapour. 

When I firft repeated your experiment of i^mpre^ 

_,..mrwithm.o.mr,tne^.,I^^^^^ 

"o mVmeat adoniihrnent, in all the 
.X'ems rhomd.fomepartcfthefaai- 

or"-apom, was vifibly abfmbed by the wa- 
'tm l“could not nerceiffe the latter to have acquired 

■ JeSbleacidiqv. latlengthfound - 

I could render this fame ^ phial 

oplv of the nitrous air already induo.a J . . 

v-itii i- Tahingthe inverted pmai out oi tue water, 
i’::mo;e my linger from the mouth of it, to admit a 


The appendix. 319 

little of the common air, and inflantiv- replace 
finger. The rednefs, efFerrci'cencc, and di;,;inur:<vi 
take place. Again taking oif my finger, and in'ianlly- 
replacingit, more common air rufiUM in, and the 
fame phenorncna recur The procefs ihmctimcs re¬ 
quires to be leven or eight times repeat; d, herore the 
whole of the nitrous vapour has I flinH venture tj call 
condenfed into nitrous by the fucceihvc 
entrance of frelli parcels of common air after each cf- 
fervelcence; ana the water becomes evidcaclv moie 
and more acid after every fuch freOi admilhoa of the 
eJvternal air, which at length ceafes to enter, v\heu, 
the whole of the vauonr has been condenfed. No agi¬ 
tation of the water is reqnifite, except a gentle mo¬ 
tion, juft fufheient to rince the Tides of the phial, in 
order to walh off the condenfed vapour. 


The addity which you ,and I iikewlfe, at firil) 
obferved m the water agitated will, nitrous air wAw, 
I account for thus. On hringing the phial to the 
mouth, the common air meeiing with the nitrous 
vapour in the neck of the idial, conderfes it, and 
impregnates the water with the acid, in the very aT 
of receiving it upon the tongue. On lloppinn ihe 
mouth of the phial with my tongue for a lhort''ume 
and afterwards withdrawing it a very liitle, to fuiier 
the common air to rulli pail: it into the jihiai, the fen- 
lation of addity has been fometimes inicierable: l.ut 
taking a largegulph of the water at the li me time, it 
has been found very llightly aeid.-The followin " is 
one of the methods by which I have given vvat--r a 
very firongacid impregnation, by mcam of a mixture 
OX niirous and common air. 


Into 
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Into a fmall phial, containing only common air, 

I force a quantity of nitrous air at random^ out of 
a bladder, and inilantly clap my finger on the mouth 
of the bottle. I then imrnerfe the neck of it into 
water, a fmall quantity of which I fuffer to enter, 
which fquirts into it with violence; and immediately 
replacing my finger, remove the phial. The water 
contained in it is already very acid, and it becomes^ 
more and more fo (if a fufficient quantity of nitrous 
air was at firfl: thrown in) on alternately flopping the 
mouth of the phial, and opening it, as often as frefi^ 
air will enter. 

Since I wrote the above, I have frequently con¬ 
verted a fmall portion of water in an ounce phial into 
a weak Aqua forils^ by repeated mixtures of common 
and nitrons air ; throwing in alternately the one or 
the ocher, according to the circumflances; that is, 
as long as there was a fuperabundance of nitrous air, 
fuffeiing the common air to enter and condenie it- 
and, when that was efrefled, forcing in more nitrous 
air from the bladder, to the common air which now 
predominated in the phial—and fo alternately. I have 
veanted leifure, and conveniences, to carry on this 
procefs to its ?naAi?nii:nj or to execute it in a dilTerent 
and better manner; but from what I have done, I 
think \ve may conclude that nitrous air coniifts prin¬ 
cipally of the nitrous acid, phlogiflieated, or other- 
wife fo modified, by a previous comnienftruation with 
metals, inflammable fpirits, &c. as to be reduced into 
a durably elaflic vapour: and that, in order to deprive 
it of its elafticity, and reflore it to its former flate, an 
addition of common air Is requifite, andy as I lufpeft, 
of water likewife, or fome other fluid: as in the 

courfe 



V 
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£ourfeof myfewtnaIs,Ihavenot yet been able to 

«ondenfe it m a perfeftly dry bottle. 


number VI. 


u 4 JLetter front Dr. Franklin, 


h 


Craven Street, April to, 1774^ 


*ear Sir-, 


your requeft, I Jiave endea- 
.cured to recollea the circumltances of the American 
xpeiiments I formerly mentioned to you, ofraifinqa 

flame on the furface of lome waters there. 

When Ipafird thronoh >7e*v Tt . ^ , r i jt 

itfcveral tU=cs n^ea.ioncd, 

tioinns CO ba.-a .or near lialf a rai,,nta. i;,,. ,, 

d=nb.:;h 

, ^uuicitu j had noopporiunitv wf fee-^ 

jng the ettpenment ■ but calling to iee a friend who 
happened to oe juft ret anted home from m:.J.in.r ft 1-.;^. 
felf I learned fro,m him the manner of it; wlfmh was 
to chooft a fliallow place, where the bottom could be 
reached by a tvalking-flick, and was muddy; the mud 
was i,.ft to bo H. rod w ith tl.o (tick, and wi.on a 
bei ol fmall bubbles began to aiife from ic> the candle 
was applied. I he ilune yvas fo fudden and fo ftrono- 
that It calched his mine and fpoiled it, as I few. New"! 

^ Jerfej 
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jerfey having many pine-trees in different parts of it^ 

1 then imagined that fomething like a volatile oil of 
turpentine might be mixed with the waters from a 
pine-fwamp5 but this fuppofitlon did not quite fatisfy 
me. I mentioned thelaft to fome philofophical friends^ 
on ray return to England, but it was not much at¬ 
tended to, 1 fappoie I was thought a little too cre¬ 
dulous. 

in 17653 the R.everend Dr. Chandler received a 
letter from Dr. Finley^ Prclident of the College in 
^-hat province, relating the fame experiment. It was 
jead at the Royal Society^ Nov, 21, of that year, but 
Hot printed in the Tranfaftiors ; perhaps becaufe it 
was thought too firange to be true, and fome ridicule 
mi^ht be apprehendeci if any member fliould attempt 
to repeat it in order to afeertain or refute it. The 
following is a copy of that account- 

A worthy gentleman, who lives at a few miles 
diftmee, informed me that in a certain fmall cove of 
a mill-pond, near his houfe, he was furprized to fee 
the fur face of the water blaze like inflamed fpirits 
I foon after went to the place, and made the expe« 
liment with the iame fuccefs. T.’he bottom of the 
creek was muddy, and when flirred up, io as to caufe 
a coniiderable curl on theiurface, and a lighted candle 
held within two or three inches of it./the whole fur- 
face was in a blaze, as inftantly as the vapour of warm 
ir/limmable fpirits, and continued, when ftrongly 
agitated, for the fpace of feveral feconds. It was at 
iirft imagined to be peculiar to that place; but upon- 
trial it was foon found, that fuch a bottom in other 
places exhibited the fame phenomenon. The difeq- 

veij 
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^ery was accidentally xnade by one beloncinc^ to the 

I have tried t^ie experiment twice here in Kn^bnJ, 
^but without fuccefs. The £r{t was in a iiow runnino- 
water with a muddy bottom. The I'econd in a da'..? 
nant water at the bottom of a deep ditch. Being fume 
time employed in flirting this water, I afcribed”an in 
.termntmg fever, which feized me a few dav-s after, to 
my breathing too much of thatfoul air tvhich J flirred 
Hp from the bottom, and which I could not avoid 

While 1 flooped in endeavouring to kindle it_The 

i iately made of the manner in 

which inflammable air is in fome cafes produced, may 
, hrow light on this experiment, and explain its fuc- 
.ceeding m fome cafes, and not in others. With tl.e 
/iigheft efteeni ana refpeii:^ 

I am. Dear Sir^ 

■^ourmofl; obedient humble fervant, 

pKAKKmi>t_ 


Number vir. 

Lm„ f„„ Mr. Hikkv r/Ma„cr,cIl„. 

thought 
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thought it probable, that the experiment might fuc-* 
ceed with nitrous air. Into a quantity water im¬ 
pregnated with it, I put feve^'a! pieces of llieet-lead^ 
and fufFered them, agitation, to continue im- 

merfed about two hoars. A few drops of voL tin£lure^ 
of fulphur changed the w-ater to a deep orange colour, 
but not fo deep as when the fame tlnfture was added 
to a glafs of the fame w-ater^ into which one drop of 
a foiution of fugar of lead had been inftilled. The 
precipitates of both in the morning, were exaftly of 
the fame kind ; and the water in which the lead had 
been infufed all night, being again tried by the fame 
tefl, gave figns of a ftijl ftfonger faturnine impregiia- 
fion—Whether the nitrous air a&s as an acid on the 
lead, or in the fame manner that fixed air dillblves it,* 

5 do not pretend to determine. Syrup of violets added 
to the' nitrous water became of a pale red, but on 
Handing about an hour, grev/of a turbid brown caft. 

Though the nitrous acid is not often found, except 
produced by art, yet as there is a probability that 
nitre may be formed in the earth in large towris, and 
indeed iuiiile nitre has been a<Hually found in fuch 
fituations, it fliould be an additional caution againfl: 
the ufe ot leaden pumps. 

1 tried to dilTolve mercury by the fame means, but 
without fuccefs. 

I am, with the mofl fincere efteem, 

Dear Sir, 

Your obliged and obedient fervant, 

T H o. Henry. 
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